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NANGAL GRID SUBSTATION AT DELHI 











Rendered forlorn and destitute, the 
refugee is struggling hard to survive. 
But the job is too big for him — alone. 


Vital projects like the DANDAKARANYA 
scheme help to rehabilitate and resettle 

the refugee population, but the job could 

be done quickly, and the gigantic 
reclamation and excavation works completed 
at record time — only with the aid of 

the well-known RUSTON - BUCYRUS 

and BUCYRUS - ERIE Excavators. 


GREAVES COTTON 
& COMPANY LTD. 


Bombay - Ahmedabad « Bangalore 
Calcutta « Coimbatore - Kanpur 
Madras - New Delhi 


Ralli House, P B. 702, 
16. Hare Street. Calcutta 1 
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WIRES AND CABLES 


of all types, L.T. and H.T. 





SIEMENS & HALSKE AG - SIEMENS-SCHUCKERTWERKE AG 
GERMANY 
SOLE REPRESENTATIVES 3 


SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 


BOMBAY - CALCUTTA - NEW DELHI 
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make light of your work... 


See her fingers twinkle over the keys, her eyes sparkle, a happy 
self-reliant smile on her face. Naturally! She works in an office 
where the lighting has been planned by Philips. Her work is clean, 
tidy, faultless—and always up-to-date. You can bring your office 
up-to-date too—banish strain and fatigue and the dreariness 

of working under ill- planned, ineffective lighting —by calling in 
Philips and letting them plan your office lighting. 


PHILIPS 


‘TL’ FLUORESCENT LAMP & 
FITTINGS make light work for you! 


Get Philips’ free technical advice and equip 
your office according to a Philips Lighting Plan 
for increased work anda happy working mood 
Special fittings with Philips ‘TL* Fluorescent 
Lamps give the best results. 







Please ask your dealer to show you a Philips’ Price List 


BUY PHILIPS QUALITY AT RIGHT PRICES 


P. 144 PHILIPS INDIA LIMITED 
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URS is a story worth telling. 
It is really a chapter in the story 
of our country’s industrial pro- 
gress. India’s first ring spinning 
frame rolled off our assembly lines in 1946. 
We have since added other firsts to our 
credit—the Lancashire type boiler and the 
water-tube boiler Some of the largest sluice 
gates in India have been erected by us at Rupar. 
At Hirakud we have 
provided giant pen- 
stock liners. For the a 
Indian Railways we 
manufacture rolling story 
stock and locomotive 
boilers. At Sindri our 





Textile Machinery 


chemical plants and equipment are at 
work. We have started manufacturing 
sugar and jute mill machinery. For the 
D.V.C. we are now fabricating a variety 
of equipment. Our products are manu- 
factured to international standards and 
in technical collaboration with the world’s 
best know-how This is how Texmaco 
serves India’s basic industries. 






Corporation Limited 


¥XC.20 
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For Rugged 
Off-the-road Operations 
Dunlop Offer— 


NEWE PATTERN § EARTHMOVER TYRE 


The massive tread bars 













are of special design, 

reinforced to withstand the 

most arduous service conditions. 
Operators keep ahead of schedule 
with this tyre—it gives 


maximum traction with minimum 






power loss. 
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mdeinnasty DUNLOP 


Available in sizes: 18.00-24 18.00-25 
21.00-24 21.00-25 
The Dunlop Rubber Co. (India) Ltd. 
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BATLIBO! & COMPANY 


Proprietors 





Head Office: Forbes Street, Fort, Bombay 


BHOG ILAL LEH is R i b4 AWN D Branches: Madras —Calcutta—Delhi— Ahmedabad 
PRIVATE LIMITED Coimbatore — Kanpur — Vijayawada — Secunderabad —Dn. 


Associates in Bangalore 





SISTA'S-B-116 














MANUFAC 


L’AIR LIQUIDE 


AOAF.§-57 
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WELDING BLOWPIPE, MULTIPLE 


WITH 7 INTERCHANGEABLE NOZZLES. 


THE 





DELIVERY, FOR HIGH & LOW PRESSURE, ~ 


The main characteristics of the PICARD OO Welding Blowpipe are its 


delicate brazing work & welding of thin sheet steel. 
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lightness and compactness, Designed to operate at very low gas flow it 
covers to a certain extent some of the functions of our Blowpipe GO (the 
range of flow is from 1/3 to 5 cu, ft. per hour). The tooi is specially 
adapted to the work of goldsmiths, jewellers & dental mechanics, Its 


place is also in workshops for use in connection with icad soldering, 


asian KA OXYGEN 


AND ACETYLENE CO.,LTD. 
8, DALHOUSIE SQUARE EAST, CALCUTTA-I 
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TOWER CRANES 


‘Implementing’ 
the 2nd Five Year Plan... 


We are proud to be associated with the industrial progress of India 
and are ready to contribute our mite towards the successful imple- 
mentation of the 2nd Five Year Plan. 

The implements and machinery manufactured by the world - renowned 
*METALEXPORT" (Warsaw, Poland) are now at the service of our 
Nation. As pioneers in the production of every phase of industrial 
machinery — building or road construction hinery, air p s 
or crushing machinery, flour milling, baking, or paper making 
machinery — METALEXPORT offers to supply the machinery require- 
ments of our 2nd Five Year Plan adequately. 





Selling Agents: 


CRUSHING e; CONCRETE 
PLANTS eli MIXERS 
= 


ELECTRIC 
BLOCKS 


Manufactured by 


METALEXPORT 


POLAND, WARSZAWA, 


KHEMKA & COMPANY (AGENCIES) PRIVATE LIMITED 


Vulcan Insurance Building, Churchgate Reclamation, Bombay 1! 


Branches at; New Delhi, Calcutta and Madras 
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WINCHES 










AIR COMPRESSORS 
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FLOATING PUMP-STATIONS 


Particularly suitable for lifting over considerable water-quantities, 
for inundation, artificial irrigation as well as for regulating 
inland-waters. 


Several pump-units are placed on one float and these press the 
water in a common collecting main. The flexible knee-joints 
render it possible that the pump-stations can be _ kept in 
operation during the whole season without being mounted 
or dismounted also in the case when the’ water-level rises 
or sinks. 


Exporters: 


» TECHNOIMPEX « 


HUNGARIAN MACHINE INDUSTRIES FOREIGN TRADE COMPANY 
BUDAPEST 62. P. O. B. 183, HUNGARY. Cable: TECHNOIMPEX, BUDAPEST 


For further enquiries please contact : 


1) The Trade Representative of the Hungarian 2) The Trade Commissioner of the 
People’s Republic in India, Hungarian People’s Republic, 
18, Golf Link Area, New Delhi. ‘*Revills’’, 45, New Cuffe Parade, Bombay. 
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Ni 
== SHUTTLE DUMPER- [(° 


payload 


\r loads fast 
\x moves fast 
wdumps fast 


TWO-WAY STEERING 
FASTER TRAVELLING 
— 150 B.H.P. ENGINE 
HYDRAULIC TIPPING 
HYDRAULIC STEERING 
CHEAPER TO OPERATE 





For literature and full particulars please write :- 


JESSOP & CO., Lip 


63, Netaji Subhas Road, Calcutta-I. 























A N 
\ 
A 


ATLAS COPCO ROCK DRILLS and 
SANDVIK COROMANT STEELS 

give maximum efficiency in Rock Drilling 
Coromant drill steels, fitted with tough tungsten carbide 
inserts, are exceptionally hard-wearing, even on very 
hard rocks. With a higher cutting and staying 
power than any other conventional jumper, these 


drill steels work most efficiently with Atlas 
Copco Rock Drills. 3 
Enquiries to: 


VULCAN TRADING CO. 
PRIVATE LTD. 


19, British Indian Street, Calcutta. 


Other offices at: 
Bombay Madras New Delhi 
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U.S.A. 


GARRISON DAM PROJECT Nine 


33,333 kVA, 230,000 volt single-phase 
Ferranti transformers. 


McNARY DAM PROJECT Six 56,000 
kVA, 230,000 volt, single-phase trans- 
formers. : 


DALLES DAM PROJECT Eighteen 
63,000 kVA, 230 kV and three 63,000 kVA, 
115 kV, single-phase transformers. 


CANADA 


ALCAN PROJECT at Kemano and 
Kitimat. Seven 71,000 kVA, 301,400 volt 
single-phase Ferranti generator 
transformers and six 37,000 kVA, 275,000 
volt step-down Ferranti transformers. 





» FERRANTI 


Hydro - Electric 
Schemes 


As specialists in the manufacture 
of transformers for more than 65 
years, FERRANTI LTD. have 
been associated with many of 
the world’s largest hydro-electric 
schemes. More recent achieve- 
ments include contracts for over 
4,000,000 kVA of large high 
voltage power transformers, 
among which are :— 


CENTRAL AFRICA 


KARIBA PROJECT Two 120,000 kVA 
and ten 60,000 kVA 330,000 volts three- 
phase Ferranti Transformers. The largest 
overseas transformer contract ever to be 
placed in the United Kingdom. 


NEW ZEALAND 


ROXBURGH AND WHAKAMARU 
PROJECTS Thirteen 14,800 kVA, single- 
phase, 50 cycles, 11/220 kV transformers 
and thirteen 9259 kVA, single-phase, 50 
cycles, 11/220 kV transformers. . 


INDIA 


DAMODAR VALLEY PROJECT Three 
Ferranti 20,000 kVA, OFB, 3-phase, 50 
cycles, 132/33-66 kV transformers and two 
Ferranti 10,000 kVA, ON/OB, 3-phase, 
§0 cycles, 132/33 kV transformers. 


FERRANTI LTD. 


HOLLINWOOD. LANCASHIRE, ENGLAND. 
Indian Distributors : 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 


Esplanade House, Waudby Road, Fort, Bombay-|. Post Box II! 
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CABLECO 


Copper A. C.S.R. and 
Aluminium Conductors 


Synthetic Enamel Covered 
Winding Wires 







ost 


PARAMITE 


Cables 


S$:398 & 18 :434. BY 
INDIAN CABLE CO.,LTD 
514, CALCUTTA ict 


MANUFACTURED IN INDIA TO IS : 282, IS : 396, 





THE 
9, HARE STREET, P. O. BOX 
Representatives in India for 
BRITISH INSULATED CALLENDER’S CABLES LTD. 
BRANCHES : 
BANGALORE, BOMBAY, COIMBATORE, JAMSHEDPUR, 
NEW DELHI AND SECUNDERABAD 1C.18 


AHMEDABAD, 
KANPUR, MADRAS, NAGPUR, 
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TIMKEN<US.A. 


TRADE-MARK ORIGINATED, OWNED, REGISTERED 
BY THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 
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Scraper takes turns, twists and bumps 
with Timken Bearings to roll the loads 


Working over rough terrain this they are case-carburized to have hard, 


wear-resistant surfaces and tough, 


scraper takes a beating. To keep it 
working engineers specified Timken 
made-in-U.S.A. tapered roller bearings 
for the wheels, differential and pinion. 

Timken bearings are specified for 
this rough, tough use because: 1) They 
have greater capacity. Full line contact 
between rollers and races gives Timken 
bearings extra lofd carrying capacity. 
And because they’re tapered, they take 
any combination of radial and thrust 
loads (as shown at right). 2) They 
take shock. Timken bearings are made 
of our own special analysis steel. And 


shock-resistant cores. 3) They need less 
maintenance. Because they keep shafts 
concentric with housings, Timken 
bearings make closures more effective. 
To get all the advantages of Timken 
made-in-U.S.A. bearings, specify them 
for the machines you buy or build. 
Made by the world’s oldest (59 years) 
and largest manufacturer of tapered 
roller bearings. Available World-Wide. 
The Timken Roller Bearing Company, 
Canton, Ohio, U.S.A. 
Cable: ‘“‘TIMROSCO”. 





WOT JUST A BALL NOT JUST A ROLLER THE TIMKEN TAPERED ROLLER BEARING TAKES RADIAL’ AND THRUST LOADS OR ANY COMBINATION 


mS Distributors: Voltas Limited. Bombay @ Calcutta © Madras ¢ New Delhi © Bangalore @ Cochin, 


7-800 
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ACC WONOURS THE CODE 


& 


ee ee ee. Feserves must be created for expansion 
and ssaibieieation of the plant and machinery and in 
their utilisation the Management remains accountable to 
the investor. Money must also be provided for research.” 


Code of conduct—-FORUM OF 
FREE ENTERPRISE 


To ensure a continuous and growing supply of quality Portland i 
cement to its customers, the ACC “ploughs back’’ every year a ; 
substantial portion of its earnings, to rehabilitate, expand and 
modernise its existing plants; to make its business grow and so 
to provide the country with the much-needed cement which goes 
into all types of construction, from the modest needs of the 
small village to the hungry demands of gigantic power and river ' 
valley projects, industrial development, housing schemes, 
hospitals, schools and the like. 


This “ploughing back”’ of a portion of the ACC’s earnings — 
though reduced last year owing to lower profits, resulting from 
higher costs and increased taxation — remains a vital factor in 
the production and supply of quality cement in increasing 
quantities to millions of satisfied users throughout India who 
have learned to depend on — ACC CEMENT. 


THE ASSOCIATED CEMENT COMPANIES LIMITED 


THE CEMENT MARKETING CO. OF INDIA PRIVATE LIMITED 
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A sturdy pair 


either Dragline or Shovel 


‘to speed up your excavation work and cut down costs. 


PRIESTMAN 
TIGER V 
DRAGLINE 


ovannnseuvesd 


lo! ! ‘ y, 
XI b | 


Hill 


enaegn 





For fast work on difficult river beds 
and canals—used all over the world 
because of its efficiency and economical 
operation. Wide range of buckets 

for different jobs. 


OUTPUT Per hour 
Earth (Dry) 60-80 cu. yds. 
Sand and Gravel 

(Wet) 40-60 cu. yds. 








* PRIESTMAN 
TIGER V 
CROWD SHOVEL 


Gives you fast, trouble-free service 

under the toughest conditions. The 
patent ‘Autotrip’ mechanism discharges 
bucket by thumb-pressure only—increases 
output and reduces operator-fatigue. 


OUTPUT Per hour 

Earth 70-90 cu. yds. 
Dry clay 60-80 cu. yds. 
Rock (Blasted) 40-60 cu. yds. 


PRIESTMAN TIGER V EQUIPMENT 


LARSEN & TOUBRO , 
\ LIMITED 


Post Box 278, Bombay 
Post Box 5247, Madras 


TRACTORS (INDIA) 
LIMITED 





Post Box 323, Calcutta 
Post Box 66, Lucknow 


WILLCOX 
INDIA) PRIVATE LIMITED 


Post Box 289, New Delhi 
New Colony, Jaipur 


TRACTOR & EQUIPMENT 
CORPORATION (PRIVATE) 
LIMITED 


P.O. Box 279, New Delhi 


BUCKWELL- 





75 /0/e 
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Do you know that 


Firestone 
EARTHMOVER TYRES 


are now all made with 


Mylowm cords? 


* Stronger * Tougher * Impact Resistant 


C7 eeeeedeeeeeeeeedeeedeeddeeeedeeeeeedddddeeeeddddeedec eee!” lees — , Wb, 
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Firestone proudly announce that all sizes of the 
Firestone Earthmover tyre and the Firestone Rock 8 
Grip Excavator tyre are now being manufactured 
exclusively with Nylon cords. * 





*Nylon cords have greater tensile strength than any 
other type of fabric used for cords in tyres. Nylon 
cords are particularly effective in preventing diagonal 
and X- breaks caused by impacts. They are highly 
resistant to water and do not deteriorate when 
exposed to moisture through cuts or snags in the 
tyre body. Only nylon cords have such high resistance 


to fatigue from heat. 





‘ ‘ 
Because of these characteristics, Nylon cords in . 
your Firestone Earthmover and Firestone Rock - 
Grip Excavator tyres will (1) Reduce danger of 
blowouts, (2) Reduce failures from heat, (3) Reduce 
bruise damage, (4) Reduce failures from cuts, and 
(5) Maintain strength for retreading. 
18.00-24 16, 20 & 24 Ply Rating 
18.00-25 12, 16, 20 & 24 Ply Rating 
21.00-24 16, 20 & 24 Ply Rating i 
21.00-25 16,20 & 24 Ply Rating i 








Firestone 
ROCK GRIP 
EXCAVATOR 


also now 
with Meylow. Cords 


12.00-24 16 Ply Rating 
13.00-24 18 Ply Rating 
14.00-24 20 Ply Rating 


Firestone 


Pioneers of the Earthmover Tyre in India 
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TRANSFORMERS 








One of the major collieries in the country depends for its power 
on BRUSH-KIRLOSKAR TRANSFORMERS. For all your requirements 
of Distribution and Power Transformers, from 
15 to 3000 kVA, 33 kV please send your enquiries to the 
manufacturers or the sole agents. 


| SOLE AGENTS: 
+ ay GAD. MADRAS 


BOMBAY | 
CALCUTTA / 


NEW DELH! 7 
CC ae 


PTZ-1R 





MANUFACTURED BY: 


KIRLOSKAR 


ELECTRIC CO. LTD.., 
BANGALORE-3. 
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SHE: 



























Insist on 


DIESEL ENGINES 


KIRLOSKAR OIL ENGINES LIMITED, KIRKEE, POONA 3, INDIA 
. 


ares 


KOEL/E-4/58 TOM & BA" 
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REYROLLE SWITCHGEAR 
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REYROLLE TYPE “ORT2” 33000 VOLT SWITCHGEAR AT MAITHON SUB/STN. 
AS SUPPLIED TO D. V. C. & OTHER USERS IN INDIA, IN LARGE QUANTITIES 


Agents ; 
BURN & CO., LTD. 
CALCUTTA BOMBAY NEW DELHI KANPUR 


BOMBAY CO. (PTE.) LTD. 
MADRAS & SOUTHERN INDIA 
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HELPING TO BUILD THE NEW 


‘International’ construction equipment 
is rendering yeoman service on all big 
projects in India. Whatever the job, the 
‘International’ does it better, faster and 
at lower costs. 

International Harvester Company offers 
you a complete line of heavy-duty 
machines for every phase of earthmoving: 


INDIA 





Bonus-powered Crawler Tractors with 
matched equipment for heavy digging, 
loading, pulling and pushing jobs...High- 
speed, Big-capacity, Self-propelled Scra- 
pers and Bottom-dump Wagons... Track 
type and rubber-tyred Loaders... plus a 
complete line of matched equipment for 
any job application. 








Shovel with exclusive 4-in-1| 

















Hough Tractor Shovel with Attachment. The Drott is Fowler Super Shovel—on 
Drott 4-in-| bucket—helps instantly convertible to rubber wheels for quick and 
you handle more jobs. bulldozer, clamshell, bull- economical loading operations. 
clam or skid-shovel. 
me ol B —— ee +- ee ee eee . me eae =— << 4 
y Construction Equipment UNRIVALLED 
GY SERVICE 
— BACKED BY AND SPARE PARTS 














ORGANIZATION 


VOLTAS LIMITED Head Office: Bombay |. Construction Equipment Dept : Chinchpokli Road, Bombay 1!2. 
Calcutta * Madras * New Delhi ° Cochin * Ahmedabad * Secunderabad 
EVEREST 


Bangalore ° Lucknow °* 
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Future of 


Multipurpose River Valley Projects 





In India, our River Valley Projects are now at a 
stage when it is time that we should seriously con- 
sider the question of control and operation of these 
projects. In the early stages, the engineering problems 
of investigations, planning, design and construction 
occupied our whole attention. Every other aspect 
of the project were relegated to the background. 
Though while engaged in planning and design the 
claims of control and operation are always kept in 
view, during the phase of construction, the engineer 
cannot afford to think of anything else ; he is engaged 
in a race with Nature. He must finish his work in 
time ; delay means disaster, delay means financial 
loss. Anything that hinders him either man or 
nature will prejudicially affect the Project. The 
period of planning and design is the most crucial in 
the life history of the Project. Its success or failure 
depends on the amount of study and pains taken 
during this period. The probable effect of the river 
control on the river itself and on its valley, the impact 
of the project on the economic and social life of the 
people are some of the problems that have to be 
considered during the planning stage. Many of these 
problems are new to us; some are known and have 
been provided for at the planning and design stage ; 
others are not known or are only partially under- 
stood and could not possibly be provided for. The 
impact of one of these problems on the civilization 
that is growing round some of these river valle 
projects is thus described by Prof. Charles P. Bukley 
a leading geologist of U.S.A. Referring to a paper 
by Mr. J. C. Stevens on “The Future of Lake Mead 
and the Elephant Butte Dam’’, he said :— 


“Although the principles involved in the paper by 
Mr. Stevens are well known, it is not certain that 
the implications are fully ne even in res- 
ponsible relations to them. The factual data had 
long been known to the writer, but no statement 
before this one had brought so forcibly to mind their 
importance and bearing on long range planning. 
This does not apply only to Elephant Butte or Boulder, 
but to the entire enormous undertaking of reclaiming 
lands by irrigation. The United States had virtually 
set up an empire on impounded and redistributed 
water. The nation is encouraging development, on 
a seale never before attempted, of lands that are 
almost worthless except for the waters that can be 
delivered to. them by the works of man. There is 


By Dr. N. K. BOSE 


building up, through settlement and new population a 
line of industries foreign to the normal resources 
re the region and they appear to be doomed to a limited 
ife. 


“The situation reminds one of the finds of archaelo- 
gists indicating that civilizations have flourished 
while climatic conditions were favourable and have 
disappeared when the skies withhold rain. These 
instances, to be seen, are not quite parallel to the 
present effort to reclaim land; but in capturing 
silt-laden rivers engineers are facing an equally 
devastating natural danger. So much silt is impounded 
with the water that it literally crowds out its assumed 
long time promise. This danger is much more immi- 
nent than climatic changes’”’. 


The evils of soil erosion are now well recognised. 
The number of speeches and papers read before the 
Annual Sessions of the Soil Conservation Society of 
India held at Delhi and various other places show 
that we in India are fully alive to this menace. But 
the general public and perhaps our political leaders 
are not fully aware of the full extent and serious 
implications of the problems. A recent survey of the 
Lake Mead, the largest man-made lake of the world, 
a reservoir created by the Hoover Dam in U.S.A., 
has given serious food for thought. Examinations of 
the data have shown that the useful life of the re- 
servoir can not be expected to be more than one 
hundred years, of which about 20 years have already 
passed. This lake supplies water and energy to the 
West Coast of U.S.A. including such prosperous and 
important towns as Los Angeles, San Deigo and 
others. The beautiful and fertile valleys in the south- 
ern parts of California are awakening to the magic 
touch water and electricity. They are drawing settlers. 
from different parts of the U.S.A. By the time the 
grand-children of the present generation of settlers 
are fully grown up they will find their water and 
electric supply rationed and other amenities of 


life seriously curtailed. Various proposals have been 
mooted to delay this 
solution has been found. Soil conservation appears 
to be the only effective solution. Soil formation is 


process; but no permanent 
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a slow process ; soil once eroded will take years to re- 
form. We must therefore see that the soil specially 
in the catchment areas of our projects are properly 
and effectively conserved. The construction of a dam 
or a barrage is difficult but can be done, as so many 
have been done before. But the technique of soil 
conservation varies from region to region—a technique 
that might be useful in a part of U.S.A. may not 
succeed in the Damodar Valley. Further, the effect 
of soil conservation measures take years to materialise, 
while the dams will come into operation within a 
few years and start collecting sand and silt. As 
compared to the amount of money and efforts we 
are spending in constructing the dams, the attention 
given to Soil Conservation is insignificant. 


The menace of soil erosion is going to be accelerated 
by the completion of the projects. Our Prime Minister 
has been opening a number of dams and the Bokaro 
Thermal Power Station in the Damodar Valley. We 
are inviting industries to come into the Valley and 
utilise the power from these projects. As industries 
move in and grow, population will increase and 
deforestation will spread. Examples of such devasta- 
tion caused by the development of industries in the 
Damodar Valley are not far to seek. The Jharia Coal 
Field is a glaring example of the same. In a beautiful 
countryside it is a sore spot. As one drives from the 
Grand Trunk Road into the coal fields what a 
change greets his eyes. From undulating smiling 
land and paddy fields one enters suddenly into a 
region where nature has been ruthlessly mutilated 
and coal smoke and slags abound. We must see that 
while inviting industries into the valley such ghastly 
devastations do not creep in. Such deforestations not 
only disfigure the landscape, they will seriously 
affect the useful life of our reservoirs. 


Besides the Soil Conservation of the Upper Valley, 
the control of the river in the lower valley is also 
essential. The multipurpose River Valley development 
projects generally start with the idea of flood control. 
In the Tennessee Valley, the Central Valley of Cali- 
fornia, and the Colorado river valley of Arizona 
and Nevada in U.S.A. the prevention of extensive 
damages caused by the unregulated floods of the 
rivers led to the formation of the projects. Similar 
projects are now in operation in the Missouri River 
Valley whose devastating flood of 1952 had given 
added impetus to the urgency of the projects. Though 
all these projects were started with the idea of flood 
control, to make them paying, the generation of 
hydel-energy and the scheme of irrigation water 
supply were brought in later on. Of these three main 
partners in the project, the sale of hydro-electric 
power and irrigation water bring in direct revenue, 
while flood prevention cannot contribute directly. 
As is inevitable in all such cases, the reservoirs had 
always been operated in the interest. of hydel-genera- 
tion and the interest of irrigation being not opposed 
to those of hydel was at the same time satisfied. 
But the interest of flood prevention is opposed to the 
other objectives, and because floods, specially devasta- 
ting floods,“do not occur every year, the rules of 
control operation are so framed as to meet the require- 
ment of maximum hydel generation and irrigation 
supply. The evil effects of operation do not 
make themselves felt immediately. It.. takes years 
for the river channel to adjust itself to this new set 
of conditions; gradually. but inevitably the: changes 


creep in. In all the projects these changes are not 
always prejudicial to the interest of the river. There 
are so many factors operative; their interactions 
are very complicated and very often defy analysis. 
But experience is a great help. In the case of the 
Tennessee Valley Project no such evil effect has uptil 
now shown up. Though the Tennessee Valley Scheme 
is a multi-purpose project with ‘Flood Prevention” 
as one of the objects, this flood prevention does not 
relate to its own valley. It is true the operation of the 
dams in the T.V.A. can be and are used for the con- 
trol of floods in the Mississippi river. This by itself 
is a great help, but the after-effects of this control is 
not felt in its lower channel below the last dam at 
Kentucky. Further the demand of irrigation on the 
waters released from the last reservoir is negligible. 
In the case of the Colorado River Valley Projects the 
conditions and problems are different. The annual 
variation of flow is from a very small amount to 
250,000 cu/ft. per second. Of the four dams and one 
barrage so far built, the Lake Mead, the reservoir 
above the Hoover Dam has got an enormous capacity ; 
it can hold up the entire flow of the river for two 
consecutive years without spilling a single drop. 
The river carries enormous volumes of sand and silt. 
For the generation of hydro-electric power a steady 
volume of 25,000 cu/ft. per/sec. is released from the 
Hoover Dam and with the demand for energy created 
by these dams every day increasing the release of 
water from the Lake Mead in excess of 25,000 cu/ft. 
per sec. is not practicable. In consequence, the follow- 
ing serious results have taken place :— 


1. The Lake has silted up to such an extent that 
the useful life of the reservoir has been reduced to 
less than one hundred years. 


2. The river channel below the dam has silted upto 
such an extent that serious flooding takes place, even 
with the limited discharge of 25,000 cu/ft. per second. 


An intensive examination of the causes that have 
led to such state of affairs has thrown very instructive 
side-light on the operational technique of multi- 
purpose river valley projects. It has shown that 
where “‘Power”’ is the biggest reverue earning partner, 
the cause of ‘Flood Prevention’ and River Preserva- 
tion suffers. In the interest of maximum power 
generation and minimum release of water to. meet 
the requirements of irrigation only, the water level 
in the reservoir had been maintained as high as possi- 
ble leading to excessive deposition of sand and coarse 
silt in the higher levels of the Lake cutting out its 
useful capacity. The river channel below the dam has 
shrunk both due to reduced discharge as well as by 
the deposition of the sand scoured from the river 
immediately below the dam by the clear water re- 
leased from the reservoir. This has created a situation 
much worse than the floods of pre-dam days. Before 
the dams are built, the floods were more disastrous 
but less frequent, whereas after the dams have come 
into operation flooding continues all throughout the 
year and has made the countryside water-logged. 


These are some of the outstanding after-effects of 


20 years of operation ofa multipurpose river valley 


‘development . project, These were only partially 


.visualised when the Colorado River Valley Project 


was planned and designed ; but their full implications 


were not known. In India we have a number of multi- 


‘ _ ° Continued on page 6 











Development of 


Engineering Industries in India 





In a way, Engineering Industries are a new comer 
to this country since this decade of Independence. 
The consumer goods industries were the first to arrive 
in our country. The foreign rulers were not interested 
in transforming our economy from that of hewers of 
wood and drawers of water. They did not want us to 
develop the primer of industrialisation, namely, the 
Engineering Industries. 


The economic independence of any country. is: 


closely linked, as we know, with the development 
of the basic, heavy, medium and light engineering 
industries anid once we.develop these, we automatically: 
reduce and do away with much of-our dependence on: 
foreign imports. It is the heavy industries and light, 
engineering industries which manufacture . capital- 
and producer goods and between them they cover, 
the entire motivating force-of a country’s industrialisa- 
tion. It is therefore gratifying that we hay moved. 
considerably forward in this very important field. 
The general index of indu-trial production of engineer- 
ing goods has been a remarkable achievement. 
Speaking metaphorically, this itself shows that the 
beginning of a beginning in industrialisation has 
rightly begun in our country. The priorities assigned 
by the industry, the planners and the Government 
have borne fruits. It is heartening to find that the 
growth of this basic sector of our economy has, been 
practically thrice as fast as the growth of other, 
sectors of our national economy, namely, the consumer 
goods, the agricultural production, the mineral 
development and the general non-engineering indus- 
tries. 


I would now like to place a broad picture of our 
accomplishment and our drawbacks in this field so 
that we may at once be able to assess our present 
stature and gird up our loins to capture new heights 
so as to strengthen the base and foundations of 
national economy. 


I would divide the Engineering Industry in six 
broad classifications :— 


(1) Light Electrical Industries. 
(2) Light Mechanical Industries. 
(3) Heavy Electrical Industries. 
(5) Heavy Engineering Industries. 
(5) Heavy Machine Building. 

and 
(6) Non-ferrous virgin metals. 


By MANUBHAI SHAH 


Light Electrical Industries 

Even while we are faced with a great shortage of 
foreign exchange, production of various light electrical 
engineering items has considerably increased during 
1957. As compared to 1956; the country has increased 
the production of storage batteries by 46%, house 
service meters by 43%, bare copper wire conductors 
by 16%, winding wires by 45%, radio receivers by 
20% and electrical fans by 51%. This is indeed a 
very commendable progress in.a period of one year. 
Taking stock of a decade’s progress we may say that 
from a meagre production of Rs. 5 crores per year in- 
1948, the production of light electrical goods has 

steeply risen to Rs. 25 crores per annum in 1957. — 


While this.is. a very welcome and appreciable. 
progress for which the industry has. to ‘be congra- 
tulated, it has to be remembered that the target of 
production of light electrical engineering goods by 
1960-61 is of the order of Rs. 40 crores per annum. 
There is, therefore, a large gap of Rs. 15 crores per. 
annum to be filled in. Looking to the growing volume 
of demand in the country, we may’ have to raise our 
targets of light electrical industries by about 50%. 
Therefore, one can see the big march that we have to 
take forward. The gaps in main exist as far as the 
manufacture of electrical lamps is concerned in 
fluorescent tubes and miniature lamps,.glass tubes 
and rods, caps, leading-in-wires, filament wires and 
several special types of lamps. In the field of radio 
manufacture, we have to still produce in sizeable 
quantities valves, condensers, resistances, potentio 
meters, volume controls and loudspeakers etc. Even 
though a few schemes covering some of the items 
have been approved, still a large amount of production 
must be established at a very early date in order to 
cover the gaps. Though considerable progress has 
been achieved in house service meters, the production 
of polyphase meters has yet to be established. 


Light Mechanical Industries 

We may now review the progress of light mechanical 
industries. The production of sewing machines has 
increased pi 27% in the last one year, bicycles by 
20%, bicycle parts by 50%, razor blades by 37%, 
refrigerators by 20%, and the production of ball 
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bearings in 1957 had increased by 60% over that of 
1956 and water meters by 90% in one year. This 
indeed was a very heartening performance in a period 
of one year. The production of light mechanical 
engineering goods, which were practically non-exis- 
tent before Independence, had shot up from a figure 
of about Rs. 2 crores a year in 1948 to over Rs. 35 
crores per annum in 1957. 


Heavy Electrical Industries 

When we look to the progress made by the Heavy 
Electrical Industries, one is very much struck by its 
rapid development. In the production of electric 
motors, electric transformers, switch gears and control 
gears, conductors, cables and wires, the production 
has jumped from Rs. 4.8 crores in 1948 to Rs. 28.5 
crores in 1957. The present manufacturing units 
cover practically a very wide range of items of heavy 
electrical engineering industry. Even during the last 
one year, the production on an average in the field 
of heavy electrical engineering goods has gone up by 
35%. This is indeed very satisfying. Inspite of this 
rise in production, as you all know, the challenge 
before the manufacturers of heavy electrical equip- 
ment is indeed very great. We have to touch the 
figure of Rs. 60 crores by the end of the Second 
Plan. This indeed requires great and thorough study 
by the industry as to how best to fill up the missing 
links in production lines over and above taking the 
big jump of increasing the production by about 
Rs. 82 crores per year by the end of ‘the’Second Plan. 


‘Heavy se 

In the group covered by Heavy Engineering 
Industries, we are happy to see the Automobile 
Industry having gone forward from a mere indigenous 
production of mere Rs. 6 crores in 1948 to about 
Rs. 50 crores worth of production of automobiles 
per year in 1957. It is also gratifying to find that 
the indigenous production of components for trucks, 
jeeps and cars, has now touched on an average the 
figure of 50%, and in one passenger carandone truck 
it is as high as 60% to 65%. I have no doubt that 
within the next two to three years, all our units will 
have 75 to 80% indigenous components. In the 
field of machine tools, we have yet to do a lot. Indeed 
the manufacture of lathes, drills, milling machines, 
boring machines planing machines, shaping machines, 
cutting machines and other types of machine tools 
is a difficult technological process. Inspite of our 
best efforts, we have so far touched a figure of Rs. 3.5 
crores worth of production in 1957, the big jump of 
about Rs. 1.5 crores having been achieved in 1957 
over 1956. Undoubtedly in this field, we had to start 
from a scratch before a decade. Even now, the 
annual import of machine tools is of the order of 
about Rs. 10.15 crores and by the end of the Second 
Plan, the demand in the country is estimated to be 
of Rs. 18.20 crores. I therefore, do hope and appeal that 
the machine tools industry in the country, both in 
the public and private sectors, should rise to the 
occasion and at least reach a production figure of Rs. 10 
crores per annum in the next three years. I am sure 
we shall be able to achieve this. In the public sector, 
we have planned to increase the present production 
of about Rs. 2 crores to over Rs. 6 crores in the next 
three years. 


The field of structurals is indeed very wide. I would 


recommend that efforts should now be concentrated 
on taking up the production of diverse structural 
items, like travelling cranes, wharf cranes, mobile 
cranes, under-frames, heavy bridge sections and 
medium and heavy structurals. All the major heavy 
engineering units should take up the manufacture 
of structurals, wherever they have not already 
done so. No heavy engineering industry could be 
established in the country unless the supporting 
structurals are easily aveilable in the country. There- 
fore we have to give our intensive attention to this. 


Now I come to the most important field of Engi- 
neering Industry namely, the Machine Building 
Industry. Shri Babubhai Chinai has rightly pointed 
our great dependence on import of machine. In the 
field of heavy machinery and capital goods, our 
import in 1957 has touched the figure of about Rs. 105 
crores. It is true that as compared to practically nil 
production of capital goods and machinery in 1948, 
our industries have now produced textile machinery, 
jute machinery, sugar machinery, cement machinery 
and various other types of heavy machinery of the 
value of Rs. 35 crores in the current year. But when 
you compare it with the heavy imports of Rs. 150 
crores, the gap is fully visible and unless rapid steps 
= taken, the yawning gap will be becoming wider and 
wider. 


It is, therefore, gratifying to note that recently 
Government have taken very rapid steps in this field. 
The Central Heavy Machinery Building Plant to be 
established at Ranchi with the Russian collaboration, 
when fully established, will help us to produce one 
complete steel plant every two years. Undoubtedly, 
the plant will be of a heavy cost of about Rs. 90-100 
crores. The Foundry Forge Plant in collaboration 
with Czechoslovakia is also to be established at 
Ranchi in order to supply heavy castings and forgings 
for heavy machinery plant. This will be an integrated 
plant so that these two units will form a complete 
unit taking care of all machinery, equipment and 
components of vO ape and heavy machinery 
required by chemical industries, engineering and 
other industries. You can well imagine the magni- 
tude of these ventures when it is realised that castings 
and forgings upto 110 ton a piece and 30 ton a piece 
respectively will come out of this unique plant. 


A Heavy Mining Equipment Plant in collaboration 
with the Russians will be established at Durgapur. 
This will produce 30,000 tons of mining equipment 
per year at a capital cost of about Rs. 30 crores. 
A Heavy Plate and Vessels works, and a Heavy Struc- 
turals Shop is being negotiated with British collabora- 
tion. Along with these, a Heavy Machine Tool Plant 
with German collaboration will complete the first 
round in our great march forward towards laying 
foundations of heavy machine building in our country. 


The establishment of the Heavy Electrical Equip- 
ment Plant at Bhopal has already begun. This project 
in collaboration with the Associated Electrical In- 
dustries of U.K. will be producing in the first phase 
heavy transformers, capacitors, heavy switch gears 
and control gears and electrical traction motors. 
In the second phase, it will produce hydraulic turbines 
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and generators, heavy electric motors, crane motors, 
generators for diesel sets, welding transformers, heavy 
rectifiers, synchronous capacitors etc. This Plant 
with a capital cost of Rs. 30 crores will be producing 
on a 2-shift basis a turn-over of about Rs. 25 crores 
per annum. 


Thus you will realise that by the beginning of the 
Third Plan, we will have laid a wide base and foundation 
for the production of heavy machinery and capital 
goods. When one thinks of such mighty adventure, 
the theoretical arguments between the Public Sector 
and Private Sector; between who sets up these plants, 
and how it is being brought about ; all these pleasant 
controversies must end. The entire country is going 
to benefit by all these steps. The machine building 
plants by themselves will give a terrific momentum 
for development of multifarious other industries in 
private and public sectors. 


Non-Ferrous Metals 

Now I will deal with the most difficult subject 
with which we are faced in the engineering industries 
and that is the production of non-ferrous metals. 
As far as the production of pig iron and steel is con- 
cerned, we have already laid a strong foundation. 
The annual production of about 4.5 million tons and 
more of finished steel by 1960-61 is indeed a remark- 
able achievement. An addition of about 10 million 
tons a year at the end of another 5 years will undoub- 
tedly give a big boost tothe whole.economy. But in 
the field on non-ferrous metals we will have to apply 
-our minds, and particularly the engineering industria- 
lists gathered here today willihave to give it a deep 
thought. 


We are rich in bauxite but not so in case of copper 
-ores, lead ores and zinc ores etc. And yet no engi- 
neering industry worth its name can goforward with- 
-out the support of all these metals. Our annual re- 
‘quirements of non-ferrous metals today are about 
Rs. 30 crores annually and will rise to about Rs. 45 
crores by 1960-61. Our indigenous production is 
hardly worth Rs. 7 crores. In terms of tonnage we 
would need annually about 40,000 tons of aluminium, 
30,000 tons of copper, 50,000 tons of zinc and 20,000 
tons of lead by 1960-61. 


The Hirakud plant would produce annually about 
10,000 tons of Aluminium. They are thinking of 
expanding it to 20,000 tons per annum. The Rihand 
project when in full production may produce an equal 
quantity. The Mettur plant would produce about 
10,000 to 20,000 tons of Aluminium per year. The 
Jaykaynagar plant will go upto about 7,500 tons. 
Thus the present production of about 7,500 tons of 
Aluminium in the country will touch about 40,000 
tons per year in the next four years and about 50,000 
to 60,000 tons per year little later. All these important 
developments in production of aluminium are to be 
in the private sector by different industrialists. 
This is satisfactory as far as our requirements of 
aluminium are concerned though there is a big scope 
of even exports in aluminium as we are quite rich 
in high grade bauxite. 


But as far as zinc, copper, lead and other metals 
are concerned, we may have to study the problems 
deeply. We are helping the establishment of a zinc 
smelter in Rajasthan based on ores from Zawar mines. 
The capacity will be about 10,000 tons a year. Present 


production of copper is about 7,500 tons and may 
rise upto 10,000 tons and a little more. So the gaps 
in copper, zine and lead are big and obvious. 


With respect to the prospective survey of the 
mineral ores for these metals, I can assure that the 
Ministry of Steel, Mines and Fuel and the Department 
of Geological Survey are very much alive to this 
problem and they are doing their best to expedite 
intensive and extensive surveys of these ores. 


No country in the world is blessed with all the neces- 
sary minerals for every metal and it will not be correct 
to base our production economy on only the ores 
which are available in the country. While, on the 
one hand we must concentrate intensively our efforts 
at rapid mineral surveys and provings of different 
ores in order to have the availability of indigenous 
ores as much as possible, we must remember that 
most of the industrially developed countries in the 
world have gone forward with the production of 
metals and alloys from even imported ores. Bauxite, 
copper ores, iron ores, manganese ores, zinc ores etc., 
have been known to be carried across the seas from 
one country to another in order to produce the virgin 
metals and alloys from them. We should therefore 
consider the question of setting up smelting, refining 
and metals-producing capacities in the country even 
from imported ores, wherever profitable and economic. 
Rich ores are available in different countries and we 
should consider this matter seriously. 


In the matter of zinc, copper, lead, tin and anti- 
mony, it may be quite ible that by certain trade 
agreements between different countries having these 
ores, we may import them in order to set up metal 
producing capacities in different parts of the country, 
particularly at the port towns. It is so obvious 
that the production of metals from imported ores 
will be always more profitable in the long run than 
continuously importing the metals. Particularly in 
the light of our electricity and power generation 
programmes, these electro-metallurgical industries 
can offer profitable and economic big basic loads and 
good load factors. We can always switch over 
indigenous ores the moment they are located and 
proved in the country, if the capacity of metal pro- 
duction in already established even when based on 
imported ores. 


I need not dilate on the vital necessity to increase 
our exports of finished goods and particularly the 
engineering goods. The questions of quality and 
standardization and costs of production are vitally 
connected with all these issues. Unless our quality 
and standards are properly brought up and maintained 
and costs are brought down, neither the internal 
markets can satisfactorily be expanded nor we can 
compete in the export markets abroad. The per- 
formance of the engineering industry in the export 
field, though it is a mere beginning, has not been bad. 
The quality of our cycles, sewing machines, electric 
fans, machine tools, electric motors, radios and 
various products of engineering industry is first class. 
They can still be further improved and made cheaper. 
All measures of export promotion should be consi- 
dered and you can be sure of governmental help in 
this direction. Several steps have already been taken 
to promote exports and more will be continued to be 
taken from time to time. 














Regarding the question of foreign exchange, the 
situation is undoubtedly difficult. The Government 
has laid down the priorities very clearly. The first 
and the topmost priority is being given to the import 
of raw materials, components, spare parts, replacement 
parts, maintenance requirements and stores and 
balancing equipment with a view to maintaining the 
current levels of production as far as possible. If 
the industries can increase their indigenous compo- 
nents, within the same level of expenditure on foreign 
exchange for these raw materials and components, 
the production can be somewhat increased. However, 
the priorities are clear and that the highest priority 
is given to the import of raw materials and compo- 
nents in order to maintain the current levels of pro- 
duction over everything else. 


The import of capital goods and equipment for 
new schemes has been given a rather low priority due 
to the foreign exchange position. Only schemes which 
are conducive of saving foreign exchange as a result 
of their immediate production and schemes which have 
absolutely definite foreign exchange earning possi- 
bilities through exports of their production are consi- 
dered with great circumspection and under the strict 
deferred payment terms. We cannot enlarge this 
field very much because deferred payment are also 
payments after all and the future economy cannot 
unnecessarily be overloaded and overburdened by 
commitments of heavy nature made now for payments 
in the future. With this broad approach, I. hope 
all will undoubtedly agree. There have been many 
hardships experienced by our industries in, this direc- 
tion. We are trying to'relieve them as- much as we 
can. But this is a necessary feature of house keeping 
and can be solved by mutual co-operation. The 
present difficulty is one of an expansionist economy. 
The engineering industries have moved faster than 
all other industries and as such they would be naturally 
facing difficulties of foreign exchange- for imports 
more than others. But given forbearance, patience 
and resourcefulness, we-shall overcome these tem- 
porary set-backs and hardships. 


If.I may say so, the year 1958 for engineering in- 


dustries is the year of “thrift and resourcefulness.” 
If we can reduce the use of pig-iron and steel where- 


Continued from page 2 
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ever we can, if necessary by using lighter castings and 
lighter sections, avoiding lines of manufacture which 
can be deferred for a little while and where heavy 
quantities of pig iron and steel are consumed, if we 
can utilise every bit of meltable scrap and which I 
know is already being done, but could be much 
more done by careful selection of every meltable 
piece of scrap, we will be able to pass the year 1958 
with less amount of hardship. 


The availability of pig iron during the current 
year may not be perhaps as good as 1956 when we 
imported a large quantity of pig iron, but with the 
additional production of Indian iron and steel and 
Tata Iron & Steel Co., it will be as good as if not better 
than 1957. Of course the effect of these additional pig 
iron productions will only be visible after the middle 
of this year. Even so, the need for great thrift and 
economy in the use of pig iron during the current year 
is clearly indicated. Regarding steel, this year would 
test all your resourcefulness. We will not be able to 
import as much as we did in the last year and yet if 
the industry gives its minute and close attention 
to the utilisation of steel, it may be able to ration out 
the requirements of every unit by close co-operation.. 
I would suggest that. different major engineering 
associations should set up small committees of their 
own to constantly study ‘the steel problem and re- 
commend and guide the engineering industry on the 
one hand, and forward. their valuable recommenda- 
tions to the Government on the other. “rit 


The question of technical personnel for the whole: 
country and for the Engineering Industries is of 
paramount importance and the various steps: that 
the Government. is taking in this direction is wel- 
known. The industries are increasing and expanding 
their training schemes for apprentices. It. should’ 
consider this problem on a priority basis: and work 
out, if possible, a scheme or schemes by which different 
units should incréase the strength of skilled and 
supervisory apprentices to be trained in each factory 
and also institute new’schemes of training in ‘in- 
dividual and groups of engineering industries. 


Based on a speech delivered at Engineering Con- 
ference at Calcutta in January, 1958. 


Future of Multipurpose River Valley Projects 


purpose river valley projects coming up for operation. 
The authorities in charge of these projects should 
immediately take steps to counteract these evil con- 
sequences of multipurpose river contro] that have 
manifested themselves in other parts of the world. 
These will be different from project to project and 
the methods to counteract them will also differ ; but 
a constant watch is necessary. The people of the 
valley should be made familiar, by extensive publi- 
city work, with the evil effects of deforestation, soil 
erosion and bad land management. The children in 
the village schools should be taught that one of the 
greatest danger to the prosperity of their valley is 
soil erosion ; this fact must be inculcated into their 
minds as one of the most important conditions of 
their village life. The general principles of soil con- 


servation should be taught to them along with the 
three R’s. The evil deeds of “Forest Fire’ should 
be talked over to them in the same breadth as those 
of “Ravana.” It is only through such intensive pro- 
paganda helped by extensive upper valley training 
works that we can hope to check mate the ruthless 
consequences of soil erosion. 


For the preservation of the river channel in the 
lower valley, the principles of operational control 
of the dams and the barrage should be carefully drawn 
up. It may be necessary to sacrifice a part of the 
revenue from the sale of hydro-electricity and 
irrigation water to keep the river alive. This will 
be certainly worthwhile. If the river dies, can the 
people live ? 
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Generation and Transmission of 


Electricity in Delhi 





The Delhi State Electricity Board generates power 
at two stations, viz. ‘A’ and ‘B’ Thermal Stations at 
Rajghat and the Diesel Station at Lahori Gate. 


The installed capacity of the generating plant at 
the ‘A’ Power Station at Rajghat at the time when it 
was taken over from the New Delhi Municipal Com- 
mittee by the Delhi Central Electric Power Authority 
Ltd., on its formation in 1939 was 10,900 kW. The 
installed capacity was progressively increased to 
24,900 kW by 1945. It was further augmented by 
installation of one 2500 kw unit and another 5,000 kW 
unit in 1948 and 1951 respectively. 

In 1952, a new and more modern station, known as 
‘B’ Station with two 9,600 kW capacity turbo alter- 
nator sets and necessary boiler plant was installed 
and commissioned. 


The generating station at Lahori Gate consists of 
old diesel engines. The effective generating capacity 
of this station is limited to 2000 kW, although the 
aggregate capacity of diesel electric units installed 
therein is of the order of 3,000 kW. During the year 
two Sulzer diesel sets of 500 kW. capacity each re- 
moved from the Lahori Gate Power Station were 
reinstalled in Central Power House. 


The aggregate installed capacity of the generating 
stations of the Board on 31st March, 1957, was 56,451 
kW the firm generating capacity being only 44,00kW 
as against 40,000 kw last year. The increase of 4,000 
kW was achieved by interconnecting the steam ranges 
of ‘A’ and ‘B’ stations of the Board whereby surplus 
steam in ‘B’ station is utilised in the ‘A’ Station, 
where the steam was short of the turbogenerating 
plant capacity. This work was completed in February, 
1957. 

The Board purchased twosteam generating packet 
sets aggregating 4,000 kW capacity (derated capacity 


By T. N. IDNANI 


3,000 kW) from the Ministry of Defence at Muradnagar 
at a cost of Rs. 20 lacs. The installation of these 
sets at Chandrawal was in progress at the end of the 
year under review. The plant is expected to be com- 
missioned during the financial year 1957-58. 


Supply from Nangal Grid 

The second instalment of 10,000 kW of supply from 
Nangal Grid was received in August 1956 raising the 
total supply received from Nangal system of the 
Punjab Government to 20,000 kW. 


Generating Plant Capacity Augmentation Programme 

Since independence, the population in Delhi has 
grown very rapidly, with the result that the supply of 
electricity has been far behind the demand, resulting 
in persistent shortage of power. Accordingly, the 
Board had planned to meet this shortage by installing 
additional thermal plant capacity. However, in view 
of the possibilities of adequate supply of electricity 
being made available to Delhi from the Bhakra 
Nangal Hydel system of the Government of Punjab, 
the Government of India considered it advisable, in 
the national interest, to restrict the installation of 
additional thermal plant capacity in Delhi to the 
absolute minimum. 


To ascertain how far the supplies from Bhakra 
Nangal would meet the growing demands of Delhi 
in the future, a load survey of the Delhi State was 
carried out in 1955. The load survey indicated that 
there would be a shortage of power in Delhi from 
1957 onwards as scheduled below :— 











1956-57 1957-58 1960-61 "T005- 66 1970-71 
Year a 
“Tus 4 ELeSOnS F Day- Night ben AK _Day-night ___ Day-night Day-night Day-night 
(1) Maximum demand 72.4. °+«75 99 ~©«94 146 17 187 145 31 Ww 
in kW. . 
(2) Firm power in MW * * oT ** 
(a) Thermal 37 40 43 46 43 46 37 40. 37 40 
(b) Hydro 20 «20 20 «20 60 60 60 60 60 60 
(Bhakra-Nangal) 
(3) Total firm power MW. 57 . 60 63 «66 103-106 97 100 97 100 
15.4 15 36.28 43 ll 90 45 124 73 


(4) Shortage of capacity 
in MW. 





* De-rated due to-higher cooling water temperatre during day. 


‘** De-rated due to ageing of some older sets. 


$ iMG TFS 
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Delhi Central Power Station 


From the above table it will be seen that the short- 
age of power would be 15,000 kW in 1956-57, 36,000 
kW in 1957-58 and 43,000 kW in 1960-61. 


To meet the shortage the Board has planned for an 
increase in the generating capacity by 50,000 kW 
during the Second Five Year Plan period with the 
approval of the Government of India, Ministry of 
Irrigation & Power, the Planning Commission and the 
Central Electricity Authority, as under :— 


(a) Diesel generating plants aggregating 20,000 
kW at an estimated cost of Rs. 105 lakhs at the 
following three locations: 

(i) 6,000 kW at Central Power House, Rajghat, 

(ii) 6,000 kW at Lahori Gate, and 

(vii) 8,000 kW at Kilokri. 


(b) Steam Power Plant of 30,000 kW capacity at 
Rajghat at an estimated cost of Rs. 300 lakhs. 


Tenders for the Diesel Plants were invited in 
September 1956 and orders placed therefor in October 
1956. The 6,000 kW Diesel plant for the Rajghat 
Diesel Station was received in Delhi in 1957. 


Construction of the Diesel Power House building 
at Rajghat was taken in hand during the year under 
review. This station is expected to be commissioned 
during the calendar year 1957. The diesel plants at 
Lahori Gate and the Kilokri are expected to be com- 
missioned by June/July 1958. 


Specifications for the 30,000 kW Thermal Plant 
were under preparation at the close of the year. This 


plant is being financed with the aid of the Technical. 
Co-operation Mission, India of the International Co- 
operation Administration of the U.S.A. The 30,000 kW 
steam generating plant is expected to be commissioned 
by the middle of 1960. 


Future Programme 

The Board had negotiated with the Punjab Govern- 
ment for a supply of 40,000 kW of power from its 
Bhakra Nangal system. However, on account of 
unprecedented increase in the demand for power for 
industrial and agricultural purposes in the Punjab 
itself, it was not possible for the Punjab Government 
to supply the full requirement of 40,000 kW to Delhi 
from the Nangal generating system during the first 
Five Year Plan period, viz., 1951-56. However, a 
supply of 20,000 kW was made available to Delhi during 
1955-57, the first instalment of 10,000 kW in April 1955, 
and the second in August 1956. 


With regard to the possibilities of further supplies. 
from the Bhakra system, it may be possible for the 
Punjab Government to deliver an additional supply 
40,000 kW to Delhi on the commissioning of the left 
Bank Power House under construction installed on the 
Bhakra Dam sometime during the year 1961-62. In- 
spite of the installation of the 20,000 kW Diesel 
Plants by mid 1958, the acute shortage of power will 
still continue in Delhi territory. Efforts are being 
made to move the Punjab Government to give a 
supply 10,000 kW during 1959 out of the 40,000 kW 
referred to above. 


As the chances of getting any more supplies either 
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from the Bhakra Nangal generating system of the 
Punjab Government or from any of the neighbouring 
systems e.g. U. P., are remote, the Board has to depend 
entirely on its own sources to meet the requirements. 
Accordingly, the Board has come to the conclusion 
that the Board’s generating system has to be 
augmented to the extent of 100 to 120 M.W. at an 
approximate cost of Rs. 10 to 11 crores during the 
Third Five Year Plan period viz. 1961 to 1966. 


Transmission 


Primary Distribution 

As mentioned in the Annual Report of the Board 
for the year 1955-56. the construction of the 36 miles of 
75,000 kW capacity 33 kV double circuit overhead 
transmission line on fabricated steel structures for 
interconnecting the receiving station at Rohtak Road 
and the Board’s Central Power House at Rajghat, 
taken in hand during 1952, was continued during the 
year under review. 14.36 miles of the lines between: 


(a) Rohtak Road to Ridge Valley—9.16 miles at a 
cost of 7.75 lakhs, and 


(b) Ridge Valley to Kilokri—5.2 miles at a cost 
of Rs. 4.5 lakhs were completed. Upto the end 
of the year 1956-57 construction of 23.12 miles 
of the 33 kV line was completed at a cost of 
Rs. 20.53 lacs. The remaining portion of the 
line is expected to be completed during the year 
1958-59. 


Grid Substations 

During the year under review, the following 3 substa- 
tions which are connected to the Nangal Supply system 
were energised. The work in the 4th substation in 
Kilokri was 90% completed. 


(a) Civil Line Substations 

Although this substation which has an installed capa- 
city of 10,000 kVA, was completed during 1955-56, 
it could not however be commissioned due to lack of 
adequate supply from Nangal. On the receipt of 2nd 
instalment of supply of 10,00 kW from Nangal in 
August 1956, this substation was energised. 


(b) Ridge Valley Substation 
This substation was originally designed for supply- 
ing 6,000 kVA. However, due to extensive building 


33 kV.Outdoor s/s at Civil Lines 
(2x 5000 KVA 33/65 kV. transforming s/s) 








33 kV. Grid substation at Kitokri 


construction activities in the vicinity of this substation 
e. g. construction of Ashoka Hotel, Diplomatic Enclave 
and other residential colonies etc, this station has been 
planned to meet ultimately a demand of 20,000 kVA 
at an additional estimated cost of Rs. 2.5 lacs which 
work would be taken in hand during 1958-59. Due to 
non-availability of supply the installed transformer 
capacity of this substation has been kept down to 6,000 
kVA for the present and the expenditure incurred on 
providing the present substation is Rs. 5. 47 lacs. 


The capacity of this station will be increased 
progressively as and when the necessary supplies are 
available. 


(c) Azadpur 

This substation is designed for an installed capacity 
of 10,000 kVA at an estimated cost of Rs. 8 lakhs. 
Although the station has not been completed, due to- 
lack of necessary transformers and switch-gears, it 
has been commissioned with a 5,000 kVA transfor- 
mer, at a cost of Rs. 5 lakhs as it was very urgently 
required to supply some important consumers, such as 
the All India Radio transmitters at 9 & 13 miles of 
the G. T. Road and the North Delhi Sewage Works. 


(d) Kilokri 

The construction of this substation with a capacity 
of 6,000 kVA was taken in hand durig Novemeber 1956, 
at an estimated cost of Rs. 5 lakhs. 90% of the work 
at an expenditure of Rs. 4.5 lakhs was completed at the 
close of the year under review. 


With the commissioning of the aforementioned 
33 kV substations, the only 33 kV substation remain- 
ing to be commissioned is the 33 kV 20,000 kVA 
capacity (ultimate capacity 30,000 kVA) substation 
at the Central. Power House location. The work on 
this substation was commenced in 1955-56, and 75% 
thereof has been completed. This substation will be 
commissioned as soon as more power is available for 
distribution on the commissioning of the diesel genera- 
ting plants now being installed at the location. 


Secondary Distribution 


Low Voltage Supply 

Low voltage distribution in the city of Delhi and 
surrounding suburban areas, other than New Delhi, 
Shahadra and Delhi Cantt., is the responsibility of the 
Board. The recent unprecedented building activities. 
in Delhi and consequent increase in load like the 
previous year, necessitatedreinforcement and extension 
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33 Kv. outdoor s/stn and Control Room at 
Ridge Valley (D.S.E.B.) 


of the existing high tension and low tension distribu- 
tion net work. 


Substations 
The following seventeen new distribution substations 
were constructed during the year under report:— 


1. Ajudhia Textile Mills 500 kVA. 
2. Rattan Industries eke a 
3. D. L. F. Industrial Area III 300, 
4. New Ram Nagar 300 =, 
5. Shakti Nagar 300_—sé=”», 
6. Arya Samaj Road ae 
7. Kirori Mal College 300_—s—=, 
8. Tilak Nagar No.2 BOG: |: 45 
9. West End Talkies a 
10. Rajouri Gardens 100 _s—=», 
11. Ashoka Park ae 
12. Mctia Khan 100. 
13. Hamdard Dawa Khana 300. . 2a 
14. Niranjan Talkies, Mehrauli OD ... 
15. Mehrauli City i a 
16. Petrol Pump 100__s—=r 
17. Krishan Nagar GD:...09 


In addition to the above, four high tension consu- 
mers, mentioned below installed their own trans- 
forming stations:— 


1. Sewage Water Pumping Station 500 kVA 
2. Nigambodh Pumping Station—2 225 ___,, 
3. India Wire & General Mills 
4. Coronation Pillar Re 5. és 


Also the capacity of the old substations was aug- 
mented, to the extent of 825 kVA in A.C. Substations 
and 900 kW in D.C. Substations. 


Extension & augmentation of mains 

During the year under review, 16.8 miles and 11.9 
miles of 11 kV overhead and underground cables 
lines, 21.4 miles of 6.6 kV and medium and low voltage 
overhead and 4.7 miles of underground cable distri- 
bution lines were laid at a cost of Rs. 15 lakhs. 


A.C.-D.C. Conversion 

With a view to standardise the system of electricity 
distribution in Delhi, the Board, in 1954, decided to 
take necessary steps for conversion of D.C. supply 
system to A.C. In pursuance of this policy and to 
avoid heavy capital expenditure required for D.C. 
equipment for the growing demand, it was decided 
that A.C. lines should be provided along with D.C. 
lines wherever possible and the consumers encouraged 
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to change over to A. C. supply. The Board took active 
steps during the year under review to give effect to 
its above decision. 


Keeping in view the policy of the Government of 
India of early conversion from D.C: to A.C. system of 
supply, the Board, in January 1957, decided that the 
supply thereafter should not be given on D.C. in areas 
where A.C. mains also were installed. But where A.C. 
mains did not exist but the voltage conditions on D.C. 
mains were found satisfactory connections may be 
given on D.C. provided the prospective consumers 
gave undertakings to the effect that as soon as A.C. 
mains were laid in the area, they would convert their 
electrical appliance into A.C. at their own cost. How- 
ever, where the voltage conditions were such as did not 
permit taking on any more D.C. load, ‘no furthdr 
connections were to be given till such time as the A.C. 
mains were laid. 


In pursuance of this policy 2.81 miles of A.C. mains 
were laid in 9 D. C. localities at a cost of Rs. 1.19 lakhs. 


Rural Electrification 

Delhi Territory has an area of 574 sq. miles, out of 
which approximately 80 miles comprise urban area 
and the rest rural with 250 villages. So far, the Board 
had been attending only to urban electrification on 
account of rapid expansion of the city due to influx 
of displaced persons from Pakistan and increase in 
building activities and industrial development in the 
urban area. However, 9 villages were electrified which 
have now become a part of suburban Delhi. 


While formulating the targets for the Second Five 


Pole mounted Transfr. S/Stn. at Kalkaji Rehabilitation 
Colony. 
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Year Plan, it was thought expedient to extend the 
benefits of electricity to the rural areas of Delhi. A 
proposal for electrification of 54 villages during the 
the Second Five Year Plan period at an estimated cost 
of Rs. 25.13 lakhs was drawn up in consulation with 
the Delhi Administration. This scheme is likely to be 
completed within the Second Five Year Plan-period. 
Primary load survey of the 54 villages has already been 
made. However, the construction could not be taken 
in hand during the first year of the Second Five Year 


Plan period for want of administrative approval and 





allotment of funds. 


Interruptions and failures of supply 

Primary consideration of the Board in designing 
and operating its supply system is to ensure minimum 
interruption of supply. Alternate source of supply 
is made available to all localities as far as possible. The 
Board maintains an Organisation to deal promptly and 
effectively with faults occuring on the system. The 
record of faults for the year 1956-67 will show extent 
to which the above objective has been achieved. 












































STATISTICS 
Total Generation & Total kW sold (millions). Total oilconsumg - 
Purchase (millions) Total tion tons) 
— coal 
Year Generated Purchas- Licens- DomesticCommer- Indus- consump - 
in own ed from ees lighting ciallight- trial Street Traction Irriga- Works Total tion Diesel Furnace 
Power Nangal & ing & Power lighting tion & (tons) 
Stations. Scheme Power. Power Sewage 
1956-57 229.4 67.4 100.9 32.6 24.0 62.1 3.1 3 4.9 32.1 260.0 178,438 126.6 1266 
1955-56 214.3 34.9 82.7 25.7 21.5 48.9 2.6 4 4.7 29.3 215.8 165,399 138 244 
StaTEMENT No. I 
Particulars of Generating Plant 
‘A’ Generating Plant owned & operated by the Board 
Installed Capacity of Power Plant 
As at the end of the previous year on ‘Additions during the year 1956-57 As at the end of the year on 31-3-1957 
ii 4 ROADS. i oy, i \ jaa SA as 
Generators Boilers Generators Boilers Generators Boilers 
Chee nk a. eae a te 
(i) ‘A’ Station 
Rajghat 23,400 2,92,000 1,500 10,000 24,900 3,02,000 
(ii) Westinghouse 
Rajghat 5,000 70,000 5,000 70,000 
(iii) Packet Set 
Rajghat 2,500 30,000 2,500 30,000 
(iv) B. Station 
Rajghat 20,000 2,56,000 20,000 2,56,000 
II. Oil— 
( 7) Diesel Station, 
Lahori Gate. 3,551 3,051 
(ii) Diesel Station, 
Rajghat 1,000 1,000 
Note: A set of 500 kW capacity Adismantled at Lahori Gate and installed at Rajghat. 
StateMENT No. II. 
Particulars of the Board’s Transmission Lines II kV and above 
Length in Circuit miles 
Voltage As at the end of the previous year Additions during | the year 1956-1957 + Asattheendtheyear. — 
33 KV 8.76 miles 14.36 miles 23.12 miles 
ll KV 
Overhead 29.605 miles 16.824 miles 46.429 miles 


Underground 52.020 miles 





11.878 miles 63.898 miles 
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STaTeMENT No. III. 
Particulars of Board’s Distribution Lines. 
LENGTH IN MILES 
Voltage As at the end of the prev- Additional during the year As at the end of the year 
ious year. 1956-57 

Overhead 6600 Volts A.C. 34.431 miles 3.054 miles 37.485 miles 

Low & Medium voltage 409.2754 ,, 18.350 ,, 427.6254 ,, 
Underground. 6600 Volts A.C. 72.310 ,, 0.654 ,, 72.964 ,, 

Low & Medium voltage. 22.260 = 4.038 ,, 26.298 ,, 





Statement No. IV 


Particulars of Transformers 





ToTaL TRANSFORMER CAPACITY 





As at the end of the previous year on 
31-3-1956. 





Additions during the year 1956-57 


Aa at the end of the year 31-3-1957 





11 KV & below Above 11 KV 





1l KV & below Above 11KV 1l KV & below Above 11 KV 

1. Power Trans- 

former 32,500 KVA 10,000 KVA 16,000 KVA 32,500 KVA 26,000 KVA 
2. Distribution 

Transformers 

A.C, 26,075 KVA 4,175 KVA 30,250 KVA 

D.C. 15,129 KW 900 KW 16,029 KW 
3. Station Trans- 

former in Genera- 

ting Station 8,400 KVA 8,400 KVA 











Continued from page 15 


Hydraulic Jump in Design of Barrage 


This type of sill gives quite a high degree of erosion 
control. It may be mentioned here that the dentated 
cill dissipated residual energy by defiction of high 
velocity filaments away from the river bed in its imme- 
diate vicinity and their subsequent diffusion through 
the tailwater. It is not, feasible to obtain effective 
stilling by inserting such cills directly in the path of 
main jet before breaking up greater part of its energy 
by means of the hydraulic jump, either with or without 
the aid of blocks or baffles. Thus the dentated cill 


constitutes only a subsidiary adjunct to the standing 
wave phenomenon. 
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Hydraulic Jump in Design of Barrage 





The hydraulic jump is a phenomenon involving 
energy dissipation of flowing water by means of 
turbulence produced by the impact of water against 
water. Hydrodynamically it may be defined as the 
front of a shallow gravity wave, usually termed as 
standing wave, for which the celerity of propagation is 
equal and opposite to the initial velocity of flow. The 
so-called hydraulic jump occurs when the amplitude 
of wave rises so as to cause breaking of the front resul- 
ting in violent turbulence. 


From the designer’s standpoint, the application of 
hydraulic jump theory resolves itself into two cardinal 
points: 

1. It is a powerful energy destroyer and 

2. Itis at thesametimea centroid ofscour. In order, 
therefore to make its full use in design of tailoworks 
we must create conditioms favourable for its occurence, 
while ensuring also that the zone of its erosive effect 
is confined within limits of impervious floor where 
intensive scour energy can cause no harm. 


The two points are dealt below separately: 


1. For realizing the above considerations in practice, 
it is necessary to find out the various factors which 
determine the type and intensity of standing point 
wave and the extent to which this can be relied upon 
in the actual design work. The essence of all the 
factors which govern the standing wave is contained 
in Froude’s number. 


This number is a dimensionless parameter giving 
the ratio of velocity of a moving stream to its critical 
v ‘ 

=—- The square of this 
Vgh 
number denotes the ratio of Kinetic energy to its 
potential energy and isa measure of the extent to which 
gravitational effect enters into the phenomenon. 


velocity and equals 





As a result of accurate measurements, as interpre- 
ted by theory developed analytically, various shapes 
of standing wave have been classified into three distinct 
types depending on various values of Froude’s number 
upstream of the jump denoted by F,. 


(a) Undular Type 
This occurs at relatively low values of F,? i.e. 
when the ratio of Kinetic energies to potential energies, 


By H. D. SHARMA 


in the critical section ahead of the wave does not 
exceed a certain limit viz. three, according to Professor 
Bakhmeteff i.e. F,? /3. 


In this case the water depths upstream and down- 
stream of the jump are both close to the critical and the 
corresponding velocity differ little from velocity of the 
translatory wave. Within this zone, the slope of the 
energy curves is rather flat which means that the 
depth of current may change within certain limits 
with almost no effect on the specific energy. This 
type of water surface that occurs under these condi- 
tions is subject to frequent variations and easy wave 
formation. Instead of one waveas inthe case of stable 
hydraulic jump, a set of undular waves is obtained as 
a hangover of oscillations that accompany the critical 
flow in general. 


A rather curious point of the undular wave is that 
according to observations, there is much less energy 
dissipation in it than what is calculated by theoretical 
equations. In other words, the general equations of 
standing wave theory do not correctly apply to this 
type of flow. Special care must, therefore, be taken to 
endure that the type of standing wave occuring in 
works is well beyond this zone. 


Free wave 

As Kineticity rises, the first or the main wave of the 
undular type increases in importance and the secondary 
waves trailing behind gradually disappear. At the 
same time, crest of the first wave breaks and forms a 
vortex. This gives the most frequent type of wave 
met within antiscour design practice, termed as stand- 
ing wave that behaves in full agreement with theory 
and conforms to the analytical equations. 


Submerged Wave 

This type of wave, as the name indicates, is obtained 
when the downstream level rises so much as to sub- 
merge the toe of the wave. This will not be discussed 
in the article. 


With the usual notations, the following two equa- 
tions characteristic of standing wave are obtained by 
Newton’s second law of motion : 











14 
hs _we (via wil ; 

5m? (V1+8 F,°—1) (i) 

H, =Ef,—Ef,=(h.—h,)® 
4h,h, (ii) 


By elimination, a third equation is obtained giving 
value of Hy in temrs of F’ as below : 


H, —(V1+8 F,?—3)° Ef, 


a (iii) 
(2+F,?) (YW1+8F,2—1) 





Substituting the value of F,?=3 in the above 
euqation, we get, 


_ Ef, _ HL+Ef, 
—— 


or Ef,=19 Hz. (iv) 

The equation marks the limit for undular zone of 
standing wave. Thus for all values of Hx higherthan 
Ef, 


the flow will give clear vortex type standing 


wave. 
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The equations (iv) and (v) when plotted on HL Vs. 
Ef, curves give two straight lines as shown in the 
enclosed graph. The following conclusions may be 
deduced from this diagram. 


(i) The area of the curves below the F,?=3 or 3.5 
line indicates zone of undular standing wave and may 
be considered as inoperative for practical problems. 


(i) For every discharge intensity, there is an opti- 
mum value of Hr indicated by curves inthe diagrams, 
which must be provided in the design to ensure clear 
vortex type of standing wave. 


Thus the additonal F,? line on the Hy Vs. Ef, dia- 
gram provides an easy means of check on proper value 
of Kineticity while selecting the preliminary dimensions 
of the structure. Ordinarily, the value of F,? seldom 
exceeds 4-6 in case of barrages or weirs. These values 
are quite close to the undular zone and as such fixation 
of correct dimensions is very essential. With this line 
on the diagram, the problem boils down to selecting 
such a value of waterway and crest as gives the re- 
quisite value of Hz. . 


The value of Hi used in the design problems in- 
cludes effects of retrogression and is assumed 1’-1.5’ 
more than the computed value. Since it takes a few 
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In C.B.I. Technical Paper No. 7, it is mentioned 
that limiting value of F,? for undular wave lies between 
3.5-4 due to frictional effects. Hunter Rouse takes 
limiting value of F,* slightly less than 4. Adopting a 
mean value of F,2?=3.5, the value of Hi works out as: 


_ Ef, 

Hi =36 (v) 
Any of the two values may be used for design de- 

pending on the type of work and choice of the designer. 

However, this criterion should always be applied in 

all design problem and dimensions adjusted to give 

a clear and stable standing wave. 


years till full effects of retrogression are felt, it may be 
advisable to design the tailworks of the structures in!- 
tially safe against hydrodynamic action. It will, there- 
fore, be a safer practice to fix optimum value of Hy, with- 
out making allowance for retrogression effects. 


Length of Hydraulic Jump 

The zone of erosive effect of hydraulic jump, 
usually denoted by its length, is defined as the distance 
within which the turbulence created by breaker wave, 
completely dies down and quiescent flow is restored at 
normal downstream level of the stream. The upstream 
end of the jump is taken as the point where the hyper- 
critical jet meets with the subcritical flow and is 
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‘quite distinct for measurement purposes. Opinions 
differ as to the correct position of downstream end. 
Some investigators take it to be the point where the 
wave just becomes level with normal downstream 
level of the subcritical stream flow while another 
school of thought takes the length of jump as 
the same as the length of surface rollers. The 
second criterion while being the more objective with 
regard to definition of standing wave has the dis- 
advantage of being less directly associated with 
ultimate prototype criterion of length of impervious 
floor necessary to prevent serious scour. 


No conclusive theoretical methods have yet been 
developed to determine length of standing wave. 
Recourse has, therefore, been taken to empirical for- 
mulae based on experiments. The length of jump is 
thus usually taken as five times the height of jump in 
accordance with the results derived from the experi- 
ments made by M/s. Reigel and Beebe for Miami 
Conservancy District during 1917. 


Recent experiments have, however, shown that the 
jump coeffecient is ‘5’ only within certain limits of 
flow, and is found to vary over a wide range from 
about 44 to 8 depending on various values of Froude’s 
number. 


The variation in jump co-effecient as observed for 
various values of Froude’s number in experiments 
conducted by Fluid Mechanics Laboratory of Colum- 
bia University are given below : 





¥;* Jump co-effecient 
3.76 7.47—8.77 
4.51 7.06—8.32 
5.35 6.51—7.65 
6.63 7.13—7.79 
8.55 6.63—7.10 
11.87 6.73—7.13 
2.75 5.83—6.32 
29.66 5.43—5.99 
44.8] 5.11—5.53 
62.25 4.67—5.14 
74.56 4.65—5.17 


It will be seen from the above results that value 
of jump co-effecient is near about five only for values 
of F,? near 30, and is between 7 and 8 for low values of 
¥, 5. 


Theoretical solution of the problem for rational- 
ising the above mentioned results, was attempted by 
V. J. Aravin who evolved a solution by using Berno- 
ulli’s theorem and deriving length of rollers from energy 
loss. ; 


The curves obtained in that matter are reported to 
be in fair agreement with the experiments of Bakhme- 
teff, Sarfranez etc. 


His simplified formula reads : 


Lj=her XxX .33 A (e,—e,) 3e,? 


e? 


where he, is critical depth, 


Re, 
— > 


a 


and A=(0.54 e, 435475) 


This formula was found to be cumbersome and did 
not fit in closely with the experimental results at low 
values of flow factor. 


Other empirical formula which gave close results 
are : 


(t) Chertoussor’s formulae : 
L;=10.3 D, (F,—1) °* (D,=D,) 
(it) Andrei Ivanchenko’s formula : 


Lj=10.6 (F,*)—-*-"85 (D,—D,) 


The second formula was adopted by J.C. Stevens in 
his discussion of paper by Bakhmeteff and Matzke, 
and gives fairly reliable results. 


The importance of these formulae is realised in 
design of barrages and weirs across rivers where the 
value of F,? usually lies between 4-6. Substitution of 
the values in Andrei’s formula gives values of jump 
co-efficients between 6 to 8. The usual formula, 
therefore, for jump length at 5 times the height of 
jump is on the low side and structures designed on 
that basis are likely to suffer from too much of scour 
trouble downstream. 


The length of downstream floor provided in accor- 
dance with the above formula are likely to make 
the structure costly and need, therefore, to be re- 
duced. This can be done by restricting the range of 
turbulence within a shorter distance by other extra- 
neous means. A number of such devices have been 
developed and tried with varying degree of success. 
They constitute : 


1. Rehbock’s dentated cill. . 
2. Baffle walls. 
3. Blocks. 


The dentated cill placed at the toe of downstream 
floor has given the best results and the length of floor 
can easily be reduced by 15 to 20%, subject to veri- 
fication by model experiments. It’ is a’ trapezoidal 
cill on which are placed dentates at regular intervals. 
By means of this, the bottom velocities are materially 
diminished and depth of scour of bed decreased to a 
fraction of its former value. The stream of water is 
lifted from the bed of the stream by the cill and is 
prevented by the filaments of water flowing between 
the teeth from dropping suddenly to the bottom. 
The water filaments directed upwards increase the sur- 
face velocities while the bottom velocities are dimi- 
nished even beyond the roller, by the ground roller, 
formed below the dentated cill. 

[Continued on page 12 
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Mixall 


THIS PORTABLE, LOW-COST MIXER-DRYER 
PRODUCES ANY TYPE... 
ANY QUANTITY OF PREMIX MATERIAL 


The Mixall is a small, highly portable unit, capable of 
on-the-spot production of all types of mixes comparable to 
those produced in Barber-Greene’s largest continuous hot 
mix plant. 


MIX ALL QUANTITIES... from a single 300-Ib. batch up to 
5 tons per hour of hot mix or 10 tons per hour of cold mix. 


MIX IN ALL LOCATIONS... The Mixail can be towed by 
light trucks. Can be loaded from truck, wheelbarrow or 
stock pile. Works in a single traffic lane. 


MIX STABILIZING MATERIALS using Portland Cement. 
MIX ALL IS EASY TO USE. Unskilled labor can operate 
Mixall with little training. 


For the complete story contact your B-G Distributor. 





Barber-Greene ¢ 


Barber-Greene Americas, inc., Aurora, Illinois, U.S.A. 
Barber-Greene Overseas, Inc., Aurora, Illinois, U.S.A. 
Barber-Greene Canada, Ltd., Toronto, Ontario, Canada 
Barber-Greene Olding & Co., Lid., Hatfield, Herts, England | 


“Ask Jacks about it” 


William Jacks & Co. Ltd. 


(Incorporated in England. Liability of Members Limited) 
CALCUTTA BOMBAY MADRAS 


Sole Agents for 

























To be published soon: 
DRAINAGE STUDY OF LOWER DAMODAR VALLEY 
by Prof. SATYAKAM SEN 
Price: Rs. 10 


This book is the outcome of intensive investigation 
on the drainage problems of Lower Damodar Valley. 


It deals with physiography, historical hydrography, 
hydrological characteristics and, finally, the probable 
effect of D.V.C. water-control regulations on the 
Lower Reach of Damodar. 


The present treatment starts with a study of the | 
physical background, with full regard to the topogra- 
phy, the cross-section of rivers and the soil profiles. | 


This is followed by the study of the hydrological | 
characteristics of the lower reach of Damodar, which | 
is truly the main subject matter of the book. In this, 
discussions of rainfall characteristics, evaporation 
loss, surface runoff, suspended load, tidal] characteris. | 
tics and movement of ground water table are dealt | 
with in detail. 


Damodar is a very old river. From ancient times to 
the present day, the rivers must have played quite an 
important part in navigation, trade and commerce as | 
well as in military strategy and defence. So a chapter 
on change in the river course and drainage conditions 
also constitutes an important item of this book. It is 
thus expected that this book will prove a very inter- 
esting treaties in hydrology and physical geography. 
It has been furnished with quite up-to-date statistics 


as well. 
Book your orders now with : 


The Manager : 
Indian Journal of Power & River Valley Development | 
6/3, Madan Street, Calcutta-13 


Barber-Greene Overseas, Inc. Aurora, Illinois, U.S.A. 
Barber-Greene Olding & Co. Ltd., Hatfield, Herts, England. 


No. 101-8. M. 


























Thermal Power Stations—I| 





Continued from February 1958 


Steam Generating Plant 

Progress in the design of steam generating plant to 
meet the requirements of lower cost and higher 
efficiency of power stations has kept pace with that 
of the turbo-alternator plant. The trend now is 
towards larger sizes, higher pressures and higher 
temperatures. How fast the size of boiler unit has 
increased during the last decade can be seen from the 
fact that the largest boiler commissioned in U. K. 
during 1948 was of 330,000 lbs./hr. and that com- 
missioned in 1956 was of 830,000 lbs./hr. Of the 50 
boilers commissioned by C. E. A. during 1956, 19 
units were of 500,000 Ibs/hr. or higher capacity and 
these accounted for over 50 % of the total steaming 
capacity added during the year. Boiler units of 1.4 
million lbs/hr. output are under construction in U. K. 
and are in use in U. 8. A. The increase in the size of 
boiler does not lead to any marked improvement in 
its own efficiency, but this brings down the cost of the 
boiler plant per kW. of installed capacity in a specta- 
cular manner in spite of adoption of higher pressures 
and temperatures for the larger units. This can be 
seen from Table III which gives the average cost of 
recent designs in U.K. 











TaBLE III 
ar Steam condition at Cost of boiler 
Unit size turbine stop valve. plant per kW 
installed. 
MW. lb. persq.in °F £ 
30 Range boilers 600 850 = 28.6 
30 Unit _s,, 600 850 23.6 
ae ie 900 900 =—s:18.7 
ha ane 1500 1050 17.5 
100 Reheat unit 
boilers 1500 975/950 17.5 
120 Reheat unit 
boilers 1500 1000/1000 14.0 
200 Reheat unit 
boilers 2350 1050/1000 = 12.4 





By D. C. BHARDWAJ 


The largest boilers in use in India at present are at 
Trombay and there are 600,000 Ib./hr. units. The 
boiler units at Durgapur will be of 730,000 Ibs./hr. 
output. 


The highest steam pressure adopted in U.K. so far 
is 2350 lbs. per sq. in though higher pressures are in 
use in Germany and U. 8. A. The British boilers are 
designed for natural circulation for which the upper 
pressure limit is about 2400 lbs./sq. in., as above this 
pressure trouble free service is not possible with natural 
circulation. In Germany many of the high pressure 
boilers are of forced circulation or of once through 


type. 


According to the laws of thermodynamics it is neces- 
sary to raise the temperature of the steam to realize 
full advantage of the higher pressures. Tempeature 
above 1050 °F require the use of austenitic steels for 
steam pipes and headers. These steels offered difficulty 
in welding. This problem has now been overcome by 
performing the welding operation in an atmosphere 
of helium on the outside and of argon on the inside of 
the tube. The highest steam temperature so far adop- 
ted is 1200 °F for the 325 MW super-critical pressure 
set to be installed in Philadelphia, U. 8. A. 


Boiler combustion technique has considerably ad- 
vanced during the last 3 decades. The stoker firing 
is now limited to smaller units and pulverised fuel 
firing is aopted for larger units. In U.K. chain grate 
stokers are used for boilers of 150,000 to 200,000 Ibs. / 
hr. output and spreader stokers on boilers ayo 
250,000 Ibs./hr. output. For higher output p.f. boilers 
are employed. In Germany, howver, p.f. firing is 
adopted on much smaller units, the majority of boilers 
above 130,000 Ibs./hr. output being of this type. 


For p.f. firing, two types of furnaces are in use, the 
dry bottom type and the wet or slagging type. Dry 
bottom furnace has been popular in the past and has 
been almost exclusively employed on the p.f. installa- 
tions in U.K. uptil now. The main advantage of this 
type of furnace is its ability to burn any type of coal 
successfully. Its great disadvantage, however, is the 
large amount of fine ash produced, the handling and 
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disposal of which is a great nuisance. The slagging 
furnace produces a hard granular ash, which can be 
easily disposed off as an industrial material for building 
roads, in mixing with cement for building construction 
or at least for efficiently filling up low lying land. 
As in this furnace most of the ash is converted into slag 
in the combustion chamber and discharged as slag, 
the dust loading of the combustion gases is consider- 
ably reduced and this leads to economy in the size of 
the dust extraction plant. By re-firing the dust collec- 
ted, in the combustion chamber, the entire ash is 
converted into slag, whereby the difficulty of disposing 
off fine dust is completly eliminated. 


Formerly the slag tap furnaces could successfully 
burn coals of low ash fusion point only. But with the 
advanced technique of furnace design these can now 
burn coals of much broader band. The latest develop- 
ment in this direction is the cyclone furnace. This 
type of furnace was first adopted in U. 8S. A. for effi- 
cient utilisation of high ash low fusion coals, which 
caused clinkering when burned in stoker fired boilers. 
Now this furnace is adopted to p-f. firing and it gives 
high rate of melting. The abount of fly ash melted by 
cyclone firing is about 70 to 85% as compared to 40 
to 50% by conventional firing in slagging furnaces. 
This fact reduces the dust loading of the combustion 
gases passing through the boiler and thus influences 
the size of grit arresting plant. Moreover, with the 
reduced quantity of excess air required for combustion 
with this type of firing, the chimney losses are cut 
down and boiler efficiency is improved. 


The cyclone furnaces have been successful in burning 
coals of ash fusion temperature as high as 2800 °F. 
Coals of still higher ash fusion have been burnt in 
these furnaces by addition of small quantity of lime 
and marl which tend to soften the ash. In regard to 
the part load behaviour of such furnaces which had 
been the difficulty in the past, the latest designs have 
been found satisfactory for operation upto 40% of 
load and even lower if ash fusion point of the coal 
is not very unfavourable. 


Majority of the power stations in America are using 
slag tap furnaces. In Germany 80% of the new boilers 
of capacity 130,000 Ibs./hr. or above are now-a-days 
equipped with slagging furnaces. Serious attention to 
this type of firing is now being given in U. K. in view 
of its great potential advantages. As this method of 
firing is suitable for bituminous coals with volatiles as 
low as 8% and ash content as high as 35% provided 
the ash fusion is not too high and the slag viscosity is 
reasonable, it may be successfully adopted with some 
of the Indian Coals. 


Latest boilers in America are of the pressurised 
furnace type, the forced draft fans providing a positive 
pressure of 13 to 30 inches water gauge. The induced 
draft fans on these boilers are completely eliminated. 
Such plants are claimed to be about } % more efficient 
than the conventional type. 


Development of a large radiant furnace in a boiler 
has largely contributed in the development of boiler 
size. In a modern boiler, evaporation is effected 
entirely by radiant surface of the combustion chamber. 
With natural circulation, the height of the boiler 
increases with the pressure and this results in a tall 
shaft like furnace. The increased duty of superheater 


for higher steam temperatures necessitates provision 
of considerable radiant heat surface in the same. To 
prevent building up of deposits on such radiant heat 
surface the tube elements are arranged with wider 
capacity in curtain wall or platen type so that on-load 
cleaning is facilitated. Self-draining type of super- 
heater is preferred for 2 shift working boilers, but this 
is not always possible and, therefore, secondary super- 
heater of the pendant type is adopted. 


Due to very high temperature of feed water in a 
high pressure regenerative cycle, the scope of the 
economiser is reduced and only steaming economiser 
is provided. The gas leaving the economiser is at a 
high temperature in such cases, and the effective 
extraction of heat from these gases by air heater has 
been only possible due to the permissibility of using 
high temperature primary air in p.f. boilers. Air 
heater designs are based on gas leaving temperatures 
safely above anticipated dew points and provision is 
made for air recirculation and by-passing under 
starting up or low load conditions. 


Both mechanical and electrical dust extraction 
plants have been installed on many p.f. boilers, the 
mechanical plant deals with the coarser particles and 
precedes the electrical plant. This arrangement results 
in overall economy in the cost of the plant. 


An automatic combustion control for modern 
boilers is a virtual necessity. Remote controlled 
sequence operated sootblowers have become an essen- 
tial equipment for large boilers. Water level television 
equipment is now commonly employed on these boilers. 


Two I. D. and two F. D. fans are usually provided. 
The F. D. fan is usually of constant speed and the 
I. D. fans employ 2 speed motors. 


Two full duty or three half duty electrical feed 
water pumps per boiler are provided. This larger feed 
pumps are more efficient and less costly per MW of 
installed capacity upto certain size. It is found that 
upto 60 MW. boilers two full duty pumps (one for 
normal operation and one as standby) are economical 
in initial cost as well as in operation if the load factor 
is fairly high. For units above 60 MW. capacity, three 
half duty pumps (tow for normal operation and one 
as standby) are cheaper in the first cost than two full 
duty pumps and the operation costs are nearly the 
same with either alternative. 


The availability of modern boilers is very high. One 
American manufacturer claims an average availability 
of 95.78%, for its boilers in use having an aggregate 
capacity of 11,265 MW. and an average size of unit 
109 MW. Availability above 90% is now a common 
feature of all large boilers. 


Turbo Plant 

An outstanding development in the design of the 
steam turbine has been its speed. Not long ago, large 
turbines could only be built for speeds of 1500 or 1800 
r.p.m. Now the largest size can be built for the 
synchronous speed of 3000 or 3600 r.p.m. Increase of 
speed has been aimed at to reduce the weight of the 
turbine. The resulting reduction in the diameter of 
the runner has enabled the adoption of higher pres- 
sures with larger turbines. By the use of special alloys, 
adoption of steam temperatures above 750 °F has been 
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possible. The use of high steam conditions and adop- 
tion of multi-cylinder design has given in the steam 
turbine a very efficient prime mover for the generation 
of electric power. The limiting factor of low pressure 
exhaust blading in larger units has been overcome by 
adopting multiple exhausts to efficiently handle the 
large volume steam flow. ; 


Very large turbines are now designed for reheat 
steam. These are associated with high pressures and 
are very efficient units. Behest turbine is very much 
in use in U.S. A. 


Increasingly larger single cylinder turbines are 
being built now. A single cylinder turbine can be had 
in 30 MW. size. This is cheaper in first cost than the 
two cylinder set and is equal in efficiency. For tropi- 
cal climate like that in India, where vacuum condition 
is substantially lower than that in cold countries, 
single cylinder sets upto 50 MW. have been adopted. 


Two cylinder 1500 p.s.i. MW turbines have been 
built with only 3 bearings and a rigid coupling between 
the H. P. and L. P. cylinders to keep the overall 
length to the minimum. 


In some latest turbines the h.p. cylinder is designed 
with double casing, one within the other. The inner 
shell which is also axially split, carries the diaphragms 
(stationery blading) and is attached to the outer casing 
on the live steam side near the thrust bearing. This 
inner shell is free to move axially towards the steam 
flow and therefore both the rotor and the inner shell 
expand in the same direction. Having approximately 
the same thermal capacity the rotor and the inner 
shell expand at the same rate. The clearance between 
the running and stationery blading, therefore, is main- 
tained constant independent of the thermal expansion 
of the heavy outer casing. This ensures rapid starting 
up of the unit and sudden changes of load without 
risk of damage. 


Large turbines are fitted with devices which auto- 
matically reduce load in the event of the inlet steam 
pressure or condenser vacuum falling below predeter- 
mined limits. 


Turbovisory gear is provided on all sets above 50 
MW. to observe and record h.p. shaft eccentricity 
differential expansion between the h.p. turbine rotor 
and cylinder and shaft speed. This equipment enables 
the operator torunthe machine upto speed within a 
minimum time without exceeding the permissible 
limits. 


All auxiliaries on large sets are duplicated. 5 or 6 
stage feed heating with bled steam is adopted and a 
single effect evaporator working on bled steam may be 
provided and incorporated in the feed heating arrange- 
ment. 


In the development of alternator design a single 
major factor has been the hydrogen cooling. It is much 
more effective than the air cooling and has helped 
to obtain considerably higher output from the same 
weight of conductor material. The hydrogen cooling 
is employed at 0.5, 15 and 30 lbs./sq. in. pressure. 
30 Ibs./sq. in. pressure is now commonly employed on 
large machines. The variation of output due to higher 
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pressure as compared to the output with 0.5 Ib./sq. in. 
pressure cooling is as follows :— 


15 lbs./sq. in. pressure — 15.5%, increase. 


30 —do— — 22.5% increase. 

With the adoption of hollow conductors through 
which cooling hydrogen is forced, the size of the alter- 
nator for the same weight has further gone up by a 
considerable extent. The latest practice is water 
cooling of the stator, the water flowing through the 
hollow conductors in direct contact with copper. The 
extent to which saving is effected in the cost of metal 
used in the alternator construction by this type of 
cooling can be judged from the fact that a 200 MW. 
set employing hydrogen cooling for rotor and water 
cooling for stator will contain only 224% of copper 
and 50%, of steel per MW. of output that was required 
for the 30 MW. machine of a decade ago. 


Cooling Water System 

Wherever possible, supply of condenser circulating 
water is obtained from sea or river. Where this is 
not possible or where the river flow is meagre, cooling 
towers are employed for re-circulating the water. 
Natural draft cooling tower is more popular than 
mechanical draft type. The former is high in first cost 
but has no operating expense and is simple to maintain. 
The rising costs of fuels are adding to its popularity. 
R. C. C. hyperbolic type of cooling towers have been 
very widely adopted in U. K. and their use in India 
is rapidly expanding. The latest practice in the cooling 
towers is to adoptan all-concrete cooling stack, which 
is more efficient and has a longer life than the conven- 
tional wooden cooling stack. Size of the cooling tower 
is increasing with the size of the power stations. The 
largest cooling towers planned so far are those for the 
High Marnham Power Station in U. K., where each 
tower will work in conjunction with a 200 MW. set. 
These towers will be 349 ft. above the pond bottom 
and will have a diameter of 266 ft. at the base. Each 
will have a maximum capacity of six million gallons 
per hour. Water will be cooled from 87°F to 70°F with 
55°F wet bulb temperature and 70% relative humidity. 
The maximum height of cooling towers built in India 
so far is 200 ft. 


Where sea or river water is used for condenser 
circulation, full benefit of syphonic action is obtained 
by taking the condenser discharge into sealing eo 
In the case of cooling tower water, it is desirable to 
discharge the condenser outlet water at the cooling 
tower inlet level to avoid the use of additional pumps 
at the cooling towers. 


In the layout of pumps and mains for cooling water, 
the bus arrangement is preferable to the unit system 
of one pump per set, as this has the advantage of 
obtaining flexible arrangement for economy, conveni- 
ence of operation and maintenance. 


Chlorination of condenser cooling water has become 
a practical necessity with sea and dirty river water 
and where algal growth is experienced in the cooling 
tower ponds. The chlorine prevents growth of mussels 
in the culverts and slimy deposit in the condenser 
tubes and thus obviates the necessity of frequent 
cleaning of these parts. For obtaining economy inthe 
use of chlorine, intermittent dosage is adopted and 
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chlorine is injected at the condenser inlet or C. W. 
pump suction. 


Chlorine does not prevent deposit of lime scale in the 
condenser tubes when the water has high temporary 
hardness. Such scale is best avoided by keeping down 
the hardness by regularly leaking off adequate quanti- 
ty of water from the tower pond. 


Switchgear and Transformers 
Usual votage of generation is 11 to 13 kV. and the 
generators are dirctly connected to step up transfor- 
mers located in bays outside the turbine house adja- 
cent to the respective generators. The weight of a 
transformer is approximately proportional to its size. 
Due to technical developments in the design of the 
transformer ratings which were considered a few 
years ago as impossible to make and transport as 
complete three phase units, are now common place. 
Use of cold-produced grain oriented electrical steel sheet 
which permits use of high flux density has considerably 
helped thisdevelopment. Improved design technique 
and availability of better quality core steel have also 

helped to improve transformer efficiency. 


For each turbo alternator set a unit transformer for 
supplying the load of its respective auxiliaries is provi- 
ded and this is directly connected to the generating 
terminals and steps down the voltage to 3°3 kV. The 
size of the unit transformer is about 7% of the genera- 
tor output. All the auxiliary motors above 150 h.p. 
are wired for 3.3 kV. and are directly switched on. For 
the smaller motors which operate on 400 volt, 
auxuliary transformer is provided to step down the 
voltage from 3.3. kV Separate station transformers 
are provided to supply to the motors during starting 
up and shutting down of sets. 


Switching and synchronising of the generators is 
done on the e.h.t. side. Both oil and air blast circuit 
breakers are popular. These are capable of interrup- 
ting the current in 3 to 10 cycles. With the growing 
capacity of the interconnected systems the rupturing 
capacity of the circuit breaker is also increasing. The 
British 132 kV. grid started with 1500 MVA capacity 
which was raised to 3500 MVA and is now 5000 MVA. 
Ratings of circuit breakers now available in U.K. in- 
clude 12500 MVA at 275 kV volt and 20,000 MVA 
at 400 kV. The American practice is as follows:— 


3,500 MVA for 69 kV. 
10,000 MVA for 161 kV. 
15,000 MVA for 230 kV. 
25,000 MVA for 330 kV. 


Coal and Ash Handling 

Where coal is received by sea, suitable jetty is 
provided for berthing of colliers or barges and the coal 
is unloaded by grabbing cranes. In the case of rail- 
borne coal, wagon tipplers are provided. Side-tipping 
type of tipplers are suitable for open trucks, but in 
India, where 20 to 30% of coal is received in covered 
wagons, rocking type of tippler is necessary to handle 
such wagons. 
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Practically all the power stations using coal make 
their own arrangement of crushing same. Hammer 
type of crushers with under-fitted screens are best 
suited for this purpose. 


Rubber belt conveyor is now universally adopted for 
conveying the coal in large power stations, as it is 
not only economical and reliable, but the only way of 
conveying large q_antity of coal. 


Storage of coal and its reclamation from stock is 
arranged in so many ways. Drag scraper, travelling 
tripper and telpher on transporting bridge spanning 
the coal store, Radial boom conveyor, belt conveyors 
running the full length of the storage are a and working 
in conjunction with travelling transporters, bulldo- 
zers and carry-all scrapers, etc. are the various means 
employed in storing and reclaiming coal. 


Removal of ash from the dry bottom p.f. fired boilers 
is effected by hydraulic system. Oscillating feed nozzles 
move the ash from the hopper to a sluice way along 
which it is conveyed by transport nozzles to ash pit. 
If the ash is to be finally disposed off as slurry by 
pumping, it is crushed before the ash pit. Fly ask from 
the boiler passes and dust collectors is removed by a 
vacuum system. Where the dust is to be disposed off 
in dry condition, the air borne dust moved from hop- 
pers under the influence of vacuum is swept through a 
cyclone and the entrapped dust is conveyed to the 
dust bernkers by means of vacuum sealed headers. 
When the dust is to be disposed off as slurry by 
puming, water ejector is employed which produces 
a vacuum and causes the dust to be moved through 
a pipe system from each hopper to the ejector when 
the individual hopper dust valves are opened 
consecutively. The dust is them mixed with the 
water stream and discharged to the sluice way. 


Conclusion 


Despite the development of nuclear generation as 
the most promising source of energy for future, genera- 
tion of electricity from thermal power stations will 
continue for many years to come. Even in U. K. where 
large scale construction of nuclear power stations is 
in hand, the fact that the days of thermal power sta- 
tions are by no means over, isevidentfrom the planning 
of three 1,000 MW. capacity coal fired power stations, 
work on one of which at High Marnboane has already 
been taken in hand. In India, in the third and fourth 
5-year plans tremendous addition of thermal power is 
inevitable. In order to make the most efficient use of 
the country’s fuel resources and to generate electricity 
at the most economical rate, it is necessary to co-or- 
dinate the development of power generation over the 
whole country and to instal a few large power stations 
at the most appropriate places, than allowing hapha- 
zard growth and dotting up of the country with make- 
shift arrangements. It is also desirable to standardise 
the sizes of sets, steam conditions and general layout 
of stations, not only to obtain economy in the cost of 
plant, but to facilitate progressive manufacture of the 
plant inthe country. Such considerations have already 
led to the advocacy of ‘National Thermal Scheme” 
which merits serious consideration by all concerned. 











Representation of Soil Grains 
and their Size Analysis results 





Various attempts have been made to define the 
particle size, the sizelimits and represent graphically 
the results of the so-called ‘mechanical analysis’ of soil. 
They have led to the development of different methods 
which are conflicting in some cases and confusing also. 
It is desirable that standard terms conveying definite 
ideas about soil particles and standard classifications 
of these particles according to sizes should come into 
general use. The present paper aims at reviewing the 
present status of soil analysis so as to ensure some uni- 
formity out of the many systems now in use for record 
and nomenclature of particle size distributions. 


Description of Particles 

Let us first of all take up representation of soil 
particles. It is essential that we possess some definite 
mental picture about the different soil grains. Particles 
occurring in nature are, as a rule, irregular in shape 
and certain distinctions must be made with regard to 
the meaning of particle size. This is evidently a matter 
of convention, thus necessitating certain arbitrary 
but universal definitions. Some equivalent particle 
is generally substituted for an irregular particle. For 
the sake of convenience and for purposes of statistical 
descriptions it is customary to reduce a particle to an 
equivalent sphere. Two terms have widely been used 
in this connection—the ‘nominal’ and the ‘sedimenta- 
tion diameter’. The nominal diameter is the diameter 
of a hypothetical sphere having the same density and 
volume as the actual particle. The sedimentation 
diameter is the diameter of a sphere which takes the 
same interval of time to fall through a particular 
distance in a medium as does the actual particle. The 
latter definition has gained much importance in sedi- 
mentation studies. But it has the disadvantage that 
it is influenced not only by density and size of the 
particle, but also by its configuration and to some 
extent conditions of its surface. The sedimentation 
technique is markedly affected by shape of particles 
and the results are subjected to interpretation. Ade- 
quate description of the shape characteristics of a 
particle by suitable parameters is thus a problem. A 
number of parameters such as sphericity, circularity, 
Heywood’s volume constant etc. have been developed, 
but none of them have proved quite useful. A simpler 
shape parameter depending on the length dimensions 
of a particle in three mutually perpendicular directions 


has also been evolved ('). It is _* _ where a, b, ¢ 
be 


By S. N. SARKAR 


are length dimensions, ‘a’ being the length in the 
direction of fall. There has been considerable study 
in recent years of the influence of particle shape 
on its fall velocity (?). For sand and silt however, 
shape is a secondary characteristic. Some workers 
have favoured, again, expressing particle size 
directly in terms of fall velocity (%) rather 
than expressing it in terms of hypothetical diameters. 
This is because settling velocity representing the 
integrated effects of basic particle characteristics 
like size, density, shape etc. is recognised as a very 
useful and significant parameter in the analysis of the 
dynamic behaviour of particles. But the fact remains 
that a particle with its three dimensions conveys to 
our mind some concrete and rigid form the idea of 
which cannot possibly be obtained by defining it in 
terms of settling velocity. The two are no doubt in- 
ter-related, but the sedimentation diameter on the 
whole affords a more satisfactory basis for representa- 
tion of a particle. The definition of particle size in 
the subsieve range has already been based on fall 
velocity, the relation of fall velocity and fluid proper- 
ties being interpreted in terms of particle diameter by 
Stokes’ law. The definition of particle size for the 
coarse grains is the side dimension of the square hole of 
the sieve, whereas for smaller particles it is the sedi- 
mentation diameter and the two requires to be correla- 
ted. Sieves largely predominate among the'methods of 
determining particle sizes greater than 1/16 mm. in 
diameter. Some modified form of Stokes’ law can 
be applied for this range also. There would be distinct 
advantages, if the entire range can be analysed 
hydraulically rather than by combining the two 
methods—sieving and gravimetric separation. This 
will eliminate the rather abrupt break in the size’ 
analysis curve that not infrequently results when 
the two methods are combined. A work (4) has 
been done by the present writer for developing a 
workable relation between sieve and sedimenta*ion 
diameters and an expression was obtained for 
particle range of .06mm. to .6mm. as follows, 
Y=1.174x+-.007, where Y is the sedimentation 
diameter and x corresponding sieve sizes in mm. This 
relationship although limited in character, can possibly 
- used without involving much error for higher ranges 
also. 
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Nomenclature of Particles 

Broad terms like sand, silt etc, carry to the minds of 
technicians varying conceptions about nature of 
material in question. Classification is a fundamental 
step towards elimination of such ambiguities. Many 
attempts have been made to classify particles accord- 
ing to sizes. Different ‘‘grade scales” have been propos- 
ed with corresponding particle size limits. Casagrande 
(5) is of opinion that “grain size divisions are not 
really soil classifications, but rather a grain size scale 
and should be termed so to avoid confusion’. “Any 
system of classification”, according to Terzaghi, 
“based on grain size is likely to be misleading 
because the physical properties of the finest soil 
fractions depend on many factors other than grain 
size. “Classifications of soils are thus arbitrary, no 
clear cut division being possible between members of 
a continuous series. It is essential that the classific- 
tion based on grain size should be simplified in form. 
We shall discuss here a few of these systems that have 
come into moe general use namely, (1) The U. 8. 
Bureau of soils classifications, (2) The Udden-Went- 
worth classification, (3) The Continental system, (4) The 
M.L.T. classificaticn and (5) The Atterberg or Inter- 
national classification of soil science. They are given 
belcw for comparison. 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—APRIL 1958 


grains of collodial size should be termed clay, although 
it may not have any resemblance to clay at all. Hence, 
to avoid confusion one should use terms like “‘silt sizes’’, 
“clay sizes” etc. when the distinction is based on grain 
sizesrather than behaviour. According to Lambe, (7) the 
differentiation between clay and silt may be based on 
the presence or lack of plasticity and dry strength 
better than grain size. For different types of soils, 
the division between clay and silt should practically 
be determined by mineralogical examination. 


The original Wentworth classification is based on 
definite class interval of ,/2mm. and its division point 
conforms to a set of standard sieves. But this method 
was not used for the finer ranges where the particles 
are defined as spheres. Udden proposed subdivisions 
of clay and silt which follow the same class intervals 
as above. The Bureau of Soils classification has been 
widely used in the engineering field. But both these 
classifications are rather cumbrous and particularly 
not easy to remember. From an engineering point of 
view the M.I.T. classification has been preferred 
by many, as the boundaries of its main divisions 
correspond approximately to the important changes in 
soil properties. The International Society of Soil Science 
classification although appears to be more general 





Classification of soils on the basis of particle size in millimeter) 











Colloid. Clay. F.M.C. Silt. V.F. F.M.C. Sand. V.F. F.M.C. Gravel. F.M.C. Stone. System of Classification. 
001 002 05 10 .25 .5 1.0 2.0 U. 8. Beauru of Soils 
1 aS ae Ss 4441.0 2.0 Udden- Wentworth 
1024 612 256 128 64 32 16 : ; 
i.e. .001 .002 .0039 .0078 .0156 .0312 .0625 .125 .25 .50 1.0 2.0 
-002 -006 .02 .05 -10 .20 .5 1.0 2.05 15 30 Continental 
-0002 0006 .002 -006 .02 .06 . 2.0 M.I.T. 
.002 -02 2 2.0 International 





(V.F.= Very Fine, F=Fine, M=Medium, C=Coarse) 
Number is parentheses refer to the reference listed at the end. 


It will appear from the above table that there is 
general agreement that 2 mm. marks the division 
between sand and gravel particles on one side and 2 
microns is the approximate divistion between clay and 
silt. But considerable divergence of opinion exists on 








and convenient, suffers from one disadvantage that 
there are too few divisions in the coarser range. This 
presents difficulties in graphical representation and 
may be further subdivided in the light of the M.I.T. 
system as below:— 























Colloid. Clay. Silt. Sand. Gravel. Stone. Boulder. 
F. 0 F. ©. V«.F. P.M. a ee Ts, Peer EAS 1% 
-0002 -0006 .002 006 .02 06 .2 .62.0 6.0 20.0 60 200 Above 200 mm. 
mm. 





(F= Fine, M@= Medium. 
V.F.=very fine, C=coarse.) 


the latter point. Scientists do not agree where the 
line of demarcation is to be drawn between clay and 
silt or between clay and colloid. To fix the relation 
between clay, silt and colloid in reference to grain 
sizes is indeed difficult, as the meaning of these words 
is sometimes in sharp disagreement with their meaning 
as used in the grain size distribution chart. For example, 
according to general convention, a soil of quartz 


This will preserve the original character of the Inte- 
national system and make a good spacing of soil dia- 
meters on the grainsize chart. The limit of colloids 
has been pushed to .0002 mm. because particles 
smaller than 0.2u, sometimes referred as soil colloids, 
remain indefinitely in suspension and are, in contrast 
to coarser fractions, likely to consist entirely of clay 
mineral (°) 
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Representation of grain size analysis results 

The purpose of particle size analysis is twofold (i) to 
determine the distribution of grain sizes of soils and (ii) 
to interpret the results in terms of soil character. 
Results of grading analysis should reveal the charac- 
teristic features and yield practical information in 
relation to general soil behaviour. The graph should 
give the technician a picture so as to help him in 
suggesting in a general manner the properties of a soil. 
The shape of the grain size curve is believed to give 
an indication of the type of soil i.e. whether residual, 
alluvial or aeolian (9). The graphs thus have some 
definite values in determining the geological origin of 
a soil and help in the interpretation of data obtained 
from test borings. Incidentally, it is to be pointed out 
that the use of the term “mechanical analysis” as 
generally applied has been objected to by some, as “its 
meaning is too limited”. The particle size analysis or 
some such term may be more appropriate in this 
respect. 


Various forms of curve plotting have been evolved to 
increase the usefulness of the analyticaldata. A carte- 
sian scale of co-ordinates has generally been used in 
which the ordinate is plotted in percent by weight of 
the total sample smaller than a corresponding size 
which represents the abscissa. Whether the ordinate 
is plotted larger or smaller than a stated size is also 
a matter of choice. Now-a-days semilogarithm types 
of gradation curves are widelyused in which theabscissa 
represents logarithm of the grain size and the ordinate 
gives percent by weight of grains smaller than the size 
denoted by the abscissa. 


Since the grain size is a statistical phenomena, 
attempts have been made to utilise terms and concepts 
of statistics to describe the results of soil analysis. 
Hatch and Choate, cited by Dallavalle ('°) utilised log 
probability paper to test for logarithmically symetrical 
data and developed graphical methods for determining 
the log geometric mean size and the log standard 
metric deviation. In most instances, the asymetrical 
frequency curves can be made symetrical and follow 
the normal probability law, if the logarithm of sizes 
are substituted for particle sizes. Krumbein ('') has 
systematised such classification by introducing ®-scale 
defined by d=,-®,(d being the particle size) and arbitra- 
rily selecting for this parameter @ the value of zero for 1 
mm. dia. and letting the ascending values of @ corres- 
pond to descending magnitudes of grain diameter and 
vice versa. Since the cumulative probability curve 
must plot a straight line on the log probability paper 
the diagrams become more significant in this form. The 
curve is characterised by the position of the mean and 
the slope which is proportional to thestandard diviation 
in ®—units. Krumbein has defined another zeta scale 
characterised by d=2.10-€. These scales no doubt 
possess some mathematical interest and help simplify- 
ing certain calculations, but they have not found as 
yet wide applications in the practical field. 


Cumulative plots of curves to arithmetic scale give 
undue prominience to the coarse end of distributions 
and completely masks distribution of the fines. In the 
semilog plotting, the scale of the smaller size is enlarged 
and it becomes possible to read accurately down to 
the smallest particle. The use of semilog plotting 
has thus much to commend. “Another advantage of 
semilog plotting”, states Terzaghi “is that the grain 
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size curves of soils having equal uniformity are identical 
in shape irrespective of the average grain size. In 
addition, the horizontal distance between two curves 
of the same shape is equal to the logarithm of the ratio 
of the average grain sizes of the corresponding soils.” 
Procedure often differs as to plotting the smallest 
size either at the left or right end of the graph paper. 
Some standardisation of convention appears desirable 
in this respect. Plotting of data in increasing magni- 
tude from the left end is possibly more convenient, 
since every one usually reads with a positive sense 
from left to the right. There being no zero to the 
logarithmic scale, the left hand margin of the graph 
paper can be started at some convenient size, say at 2 
microns to serve all practical purposes. 


Conclusion 

We can now sum ip the above discussion in the 
following manner, (1) the ‘sedimentation diameter’ 
should be used to represent particles whereever 
practicable. This is because the smaller particles 
cannot be analysed other than hydraulically, and 
besides other advantages, this would result in a smooth 
and continuous curve for the whole range of particle 
sizes. The method of hydraulic separation can easily 
be carried at least upto sand ranges if not more. (2) The 
International system of soil classifications with fur- 
ther divisions as proposed hereinfor sand and other 
particles may be adopted for grain size analysis. 
The term ‘‘mechanical analysis” may preferably be 
replaced by some other suitable term such as “grain 
size analysis”. Terms like “silt” and ‘‘clay’”’ should be 
replaced better by “clay size”, “siltsize’’ particles 
when used for grain size analysis purpose. (3) The 
division between silt and clay which is of great import- 
ance in many cases cannot be satisfactorily based on 
grain size alone, but should be rather based on minera- 
logical examination for determination of their general 
behaviour. The use of such words ‘‘sandy silt”, “silty 
sand”’ ete. for describing soil should also be discoura- 
ged as they convey no definite conception about the 
soil. (4) For graphical representation of the grain 
size results, use should be made of the semilogarithm 
curves in which the log of the diameter will represent 
the abscissa and the cumulative percent (finer than 
the stated size) the ordinate scale. The abscissa scale 
may be started at .002 mm. at an increassing magni- 
tude towards the right. 
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Construction of a Movable Dam 





One of the first large works in the vast flood pro- 
tection project in Holland, known collectively as the 
“Delta Plan,”’ is the construction of a movable device 
for closing the mouth of the Hollandse Yssel river 
at Krimpen, just east of Rotterdam. 


This river is a former branch of the Lek, which is 
itself a branch of the Rhine; downstream it com- 
municates which the Nieuwe Maas and—via the New 
Waterway — with the North Sea. 


Owing to the slight fall and the relatively short 
distance from the sea, the level of the river is greatly 
influenced by wind and tide. Moreover, even at its 
lowest level it is above the surrounding land, which 
everywhere in the vicinity lies several metres below 
sea level. As a result this land has to be protected 
against inundation by dykes along both banks of the 
river. 


It had long been feared that the dykes along the 
Hollandse Yssel might one day fail to withstand the 

iling up of water at high tide ; consequently, even 
efune the second World War plans for protective 
measures were drawn up. 


During the flood disaster of February 1953 the water 
piled up and breached the dykes at two points as well 
as seriously damaging them in many other places. 
It was possible to close these gaps quickly by sinking 
ships in them, thereby preventing a calamity the 
consequences of which would have been unimaginable : 
the whole of the lowlying plain which makes up the 
province of South Holland, with a population of over 
1} million, including the cities of Rotterdam and the 

ague and numerous smaller towns, would have been 
inundated. The urgency of providing adequate pro- 
tection at this point was thus clearly demonstrated 
and it was decided to make an immediate start on the 
execution of the project. 


The Project 

Originally consideration had been given to streng- 
thening the dykes along the Hollandse Yssel, but 
this plan was dropped on account of the long time 
which would have been required for its execution, the 
soft ground, which would not have supported a rein- 
forced dyke structure, the presence of many buildings 
on the dykes, and the high cost involved. Instead it 
was decided to build a device by means of which the 





river could be sealed off from the seaif the water level 
threatened to become too high. This will consist of 
two steel vertical-lift gates, one placed behind the 
other. So that shipping can still enter and leave the 
river mouth even when these gates are closed, the 
project also includes the construction of a lock on the 
west bank. Finally, since land communications at 
this point are urgently in need of improvement, it was. 
decided to take advantage of the opportunity pre- 
sented by the work undertaken by building a bridge 
over the river to replace the existing ferry. 


When the project has been carried out the land will 
be doubly safeguarded against high tides, namely by 
the closing of the river by means of the new dam and 
also by the existing dykes along the Hollandse Yssel. 


Factors which had to be taken into account in the 
planning of the project were that the normal tidal 
movements must not be impeded and that there 
must be no obstruction to the passage of shipping. 
The latter is particularly important, since the Hol- 
landse Yssel constitutes a link in the principal inland 
waterways route between Rotterdam and Amsterdam. 
Every year more than 75,000 vessels totalling 74 mil- 
lion tons dwt pass through the mouth of this river. 


The existing flow of the Hollandse Yssel, which had 
a cross-section of about 500 square metres (5382 sq. ft.), 


Site plan. The arrow indicates the location of the dam. 
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General plan of the works. 


has been adhered to ; consequently the new arrange- 
ments will not give rise to any changes in the current 
velocities. This is being accomplished by maintaining 
the width of the river at 80 metres (262 ft.) at the 
site of the new dam and constructing two sills, one 
placed behind the other, at a depth of 6.50 m (21 ft.) 
below N.A.P. * 


The river is closed by lowering vertical-lift gates 
on to these sills. This will only be done when there is 
imminent danger of a storm tide and the water has 
reached a level of 2.50 m (8.2 ft.) above N.A.P. 
When this barrier has been completed Holland will 
possess the Largest movable dam in the world. 


The whole project will cost about 30 million 
guilders. * 


The Execution of the Project 
Work was started on the project in January 1954. 
Four years later it had progressed to the stage where 
one of the steel vertical-lift gates could be closed if 
necessary. 


The first construction job in the river was the build- 
ing of the two sills in the river bed 135 m (443 ft.) 
apart. For this purpose the shipping channel was 
temporarily moved westwards, the river having pre- 
viously been widened by dredging. 








* Nieuw Amstardams Peil (New Amsterdam Datum Level): for 
all practical purposes this is equivalent to mean sea level. 

*1 Dutch guilder=26 U. S. cents=£0.1.11 Sterling=110 — 
French . Francs=110 West’ German ~ Marks=13.1 Belgian 
Frances. 


For the sills, each of which has a length of 80 m 
(262 ft.) to correspond to the width of the sliding 


ies which enable the 
in the lift-towers. 


Assembly work on one of the 
gate to slide up and down on 
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Schematic diagram of the vertical-lift gate between the lift-towers. 


gates, a centre section 55 m (180 ft.) long was first 
prepared. This was done in building pits of steel sheet 
piling. A floor 2.50 m (8ft.) thick, consisting of con- 
crete poured under water, was laid in the building 
pits ; when the concrete had set the pits were pumped 
out. Once the pits were dry the actual sills were pre- 
pared in them and anchored in the floor by means of 
reinforcing iron. The sills are of a very special shape 
which was worked out by the Hydraulics laboratory at 
Delft. When the gate is being lowered the flow of water 
underneath it is forced upwards by the special shape 


Top view of the vertical-lift gate, showing the horizon- 
tally and vertically stiffened arches. 





of the sill ; this prevents erosion of the river bed behind 
the sill. 


After the completion of the middle sections of the 
two sills the old channel was re-opened to shipping. 
The two 12.50 m (41 ft.) long side sections of each 
sill were built in the excavations for the lock and 
for the piers of the lift-towers. Owing to the low bear- 
ing capacity of the soil at this point and since a good 
foundation base is not encountered here above a depth 
of 18-21 m (59-69 ft.) below N.A.P., a total of about 
3,000 piles, made in situ, had to be driven in toa depth 
of 22 m (72 ft.) below N.A.P. in the two excavations. 
When the excavations had been pumped out it was 
possible to complete the side sections of the sills, the 
lock, the foundations for the lift-towers and the bridge 
piers on dry ground. 


The Steel Vertical-Lift Gates 

The heart of the storm-tide barrage is formed by the 
steel vertical-lift gates, which are mounted in con- 
crete lift-toweres and lowered when it is necessary 
to close the river at times of flood danger. Each gate 
is 81.20 m (266 ft.) long, 11.50 m (38 ft.) high and weighs 
approximately 635 tons. It is composed of a number 
of sheet steel sections the dimensions of which are 
approximately 10 x6 m (33 x20 ft), and is stiffened 
by longitudinal and transverse girders ; at the rear it 
is reinforced by two horizontally and vertically stiffened 
arches to take up the horizontal forces exerted on 
it. These arches make the gate look something like 
an arch bridge lying on its side, the vertical face of 
the gate forming, as it were, the bridge floor. 


In the closed position the gates reach down to a 
level of 5 m (16 ft.) above N.A.P.; when raised their 
lower edges are at 12 m (39 ft.) above N.A.P., so that 
they do not obstruct the view from traffic passing 
over the bridge, the carriageway of which is at a 
height of 9.60 m (31 ft.) above N.A.P. 
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This lift-towers house the machinery for lowering 
and raising the gates and also the two counter-weights, 
each of which weighs 232.5 kg (512 Ibs.). The gates are 
not completely balanced by the counter-weights, 
since it must be possible to lower them in flowing 
water, which can give rise to considerable resistance. 
Furthermore, when the gates are lowered they must 
exert sufficient pressure on the sills to ensure that the 
river is properly sealed off. Nevertheless, by the use 
of counter-weights a substantial saving is obtained in 
the power required for moving the gates. 


Four electric motors are installed in each tower : there 
are two 25 h.p. motors (1455 r.p.m.) for the rapid 
lowering and raising of the gates above water and two 
8.3 h.p. motors (480 r.p.m.) for lowering and raising 
them slowly when they are actually in the water. 
The electric current is supplied by the power stations 
of Rotterdam and Dordrecht. There is also a diesel- 
driven emergency generator for use in the event of 
a breakdown at both power stations. The speed at 
which the gates descend to the level of the water is 
2 cm (.787”) per second. As soon as a gate enters the 


water its speed of descent is reduced to 2/3 em (.275”) 
per second. The complete lowering and closing of the 
gates therefore takes about half an hour. 


In December 1957 the first vertical-lift gate was in- 
stalled. This structure, which has a surface area of 
nearly 1,000 square metres (10,764 sq.ft.), was placed 
on two elevator barges and at high water, with the 
aid of four tugs, it was towed into position so that it 
lay across the river between the two lift-towers. When 
the tide began to fall the gate sank into the grooves on 
the temporary erection platforms which had been 
built in the towers on each side. This sinking process 
was accelerated by pumping the barges full of water. 
After a few minutes the towers took over the load 
from the barges. The suspension of the gate on the 
eight cables, each having a diameter of 66 mm. (2.6”) 
and its connection to the counter-weights were com- 
pleted in January 1958. 


The Lock 
The storm-tide dam is normally kept open and con- 
sequently does not inconvenience shipping on the 


The vertical-lift gate between the lift-towers. The bascule bridge in the open position can be seen on the left. 














The assembly of a set of lock-gates. 


Hollandse Yssel. However, so that shipping may 
still put in and out even when the vertical-lift gates 
are closed, and in order to permit the passage of 
vessels with high superstructures and floating equip- 
ment such as derricks, cranes, bucket dredgers, etc., 
which cannot pass under the gates and the fixed bridge, 
a lock was built next to the part of the river which 
can be closed by the vertical-lift gates. 


That part of the river is spanned by a fixed bridge, 
while the lock is crossed by a bascule bridge. The lock 
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chamber is 120 m (394 ft.) long and 24 m (79 ft.) 
wide. The sill is at a level of 5.20 m (17 ft.) below 
N.A.P. 


At each entrance to the lock there are two steel 
gates, one of which is closed at high tide and the other 
at low tide. Each gate consists of two leaves, which 
when closed come together like the two equal sides of 
an isosceles triangle the apex of which is directed 
towards the advancing water. The lock gates are 
equipped with valves for filling and emptying the lock 
chamber. 


The outer entrance is provided in addition with 
steel storm-tide gates, which are closed at times of 
danger but can also be used in normal conditions for 
increasing the length of the chamber so as to permit 
the locking of long ships. All leaves of the gates are 
identical and interchangeable; they each have a 
width of just over 13.5 m (44 ft.), a height of 11.4 m 
(37 ft.) and a weight of about 53 tons. All the lock 
gates are expected to be in position by May 1958. 


The River Crossing 

At present traffic from bank to bank must still rely 
on a ferry. The building of the storm-tide dam pro- 
vides an opportunity of realizing the long-considered 
bridging of the Hollandse Yssel. As a result a large 
area with rapidly growing industries, including ship- 
yards, engineering works and construction shops, will 
have a direct through-connection by road to Rotter- 
dam. 


The bridges will be situated between the two storm- 
tide gates and over the lock chamber; they will 


The concrete viaduct under construction, 
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consist of a fixed bridge across the river and, adjacent 
to it, a bascule bridge over the lock. The bascule bridge 
can be raised to allow ships of any height to pass 
through without any obstruction. 


Access to the bridges from the low-lying land on 
both sides is via inclined approaches; the approach 
from the east will run ever a concrete viaduct, that 
from the west over an earth embankment. 


The Bridges 

The width of the open river at the storm-tide dam 
is 80 m (262 ft.); tnis is spanned by a steel lattice 
bridge with a steel deck. The total length of the bridge 
is 82.2 m (270ft.) and the over-all width 19.24m (63 ft.). 
It will have a carriageway 7m (23 ft.) wide flanked on 
each side by a footwalk and a cycle path, both of 
which are outside the latticework. The deck will be 
covered with a wearing course of mastic asphalt 
5 em (2’) tnick. The total weight of the bridge is 670 
tons; had the deck been made of corcrete the weight 
would have been almost doubled. The base of the 
bridge is at a height of 8 m (26 ft.) abov2 N.A.P., so 
that even when the river reaches the highest level at 
whih ships can be allowed te pass under the bridge. 
namely 2.50 m (8 ft) above N.A.P. there is still 5.50m 
(18 ft.) headroom. 


With the aid of four powerful floating derricks the 
bridge was transferred from the erection site to two 
couled elevator barges and taken to its destination. 
Shortly before high water the 540-ton structure was 
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manoeuvered into position exactly above the seats of 
the two abutment piers. After the turn of the tide the 
bridge sank into its supports. 


The bridge over the lock is a virtually all-welded 
steel bascule bridge with a wooden deck. The total 
weight of this bridge is about 400 tons. The width of 
the deck and the arrangement of its traffic divisions 
are the same as for the fixed bridge. 


The Approaches 

Since the soil has little bearing capacity at the 
place in question and a firm stratum of sand only 
occurs at a depth of about 17-22m (56-72 ft) below 
N. A. P., the cost of bulding an earth embankment is 
very high. It was therefore decided to execute the 
eastern approach in the form of a concrete viaduct. 
Its lengthis 560 m (1837 ft), half of which is construc- 
ted in pre-stressed concrete and half in reinforced 
concrete. The entire viaduct rests on pre-stressed 
concrete piles the bases of which are broadened on 
two sides. Althogether more than 800 piles 16-19 m 
(49-62 ft.) long were driven. The viaduct caries a 
roadway 7 m (23 ft.) wide surfaced with cold bitumen 
emulsion and bordered on each side by a cycle path 
and a footwalk the combined width of whichis 4.10 m 
(13 ft.). 


The western approach was in fact built in the form 
of an earth embankment. This is to have an under- 
pass for the road form Rotterdam to Capelle on the 
Yessel and Gouda. 

Continued on page 31 
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The Longest Canal Project in Asia 





The first sod was turned by Shri Govind Ballabh 
Pant, Union Home Minister, on March 30 near Talwara 
Jhil railway station, to initiate construction work on 
the Rajasthan Canal Project meant to retrieve the 35 
lakh acres of the Bikaner and Jaisalmer deserts. 


The ceremony was attended, among others, by the 
Governor of Rajasthan, State Chief Minister, M. Ps. 
and Members of the State Legislature. Special trains 
ran from Jaipur to carry the people to the spot. 


The Rajasthan Canal Project, to be developed in 
two stages, consist of a 426 mile-long canal taking 
up from the Harike Barrage in the Punjab and of 
storages on the Ravi and Beas to collect surplus mon- 
soon waters. 


The Project 

The Rajasthan Canal Project comprises the cons- 
truction of a 426-mile long canal with a head dis- 
charge of 18,500 cusecs, taking off from Harike Barrage 
across the Sutlej. It covers a gross commanded area of 
5.1 million acres with a total culturable commanded 
area of 3.36 million acres (by flow). The cost is 
estimated at Rs. 65.5 crores excluding the expenditure 
on storage dams. On full development, the project is 
expected to produce about one million tons of crops 
annually valued at Rs. 30 crores. 


The main canal wil! be in two parts. 
(a) Rajasthan Feeder 134 miles long (110.8 miles 
in Punjab and 23.4 miles in Rajasthan) 


(6) Rajasthan Canal 291.6 miles long lying entirely 
in Rajasthan territory. 


The Rajasthan Feeder with a capacity of 18,500 
cusecs will be lined in its entire length except the 
first three miles where the water table is very high. 


Till such time as the stroages on Ravi and Beas are 
constructed, the Rajasthan Canal will utilise flow 
supplies and irrigate 1.68 million acres (7 million acres 
perennial and .98 million acres non-perennial) which 
will rise to 2.62 million acres on availability of stored 
supplies. In the first stage it will produce about 4 
million tons of food crops. 


It would perhaps not be an exaggeration to say that 
the Rajasthan Canal Project would constitute one of 


the biggest single irrigation projects for a canal system 
which has ever been undertaken in the world so far. 
It will be 426 miles long and will have a large network 
of branches and distributary channels. This canal 
will be the longest in Asia. The building of this 
project will involve 6,700 million cft. of earthwork 
and 180 million sq. ft. of lining for the main canal only 
and will create employment for over half a lakh of 
people during construction period. 


Preliminary works have already been started by the 
Governments of Punjab and Rajasthan and construc- 
tion in full swing will now begin. 


For the early development of irrigation in Rajasthan, 
the construction programme has been phased in two 
stages. 


Stage I compriss the construction of 134 miles of 
Rajasthan Feeder together a low leval channel taking 
off at mile 134 of the Rajasthan Feeder, Suratgarh 
Branch and distribution system. This is expected to 
be ready to utilise 4,000 cusecs within abovut three 
years to command an area of 9 lakh acres. Even earlier 
utilisation of about 2,000 cusecs is being planned 
through the Sirhind Feeder. 


Stage ITI consists of the lower 292 miles of the main 
canal and the distribution system, and is expected 
to command an additional area of 24.5 lakh acres. 


Benefits of the Project 

In addition to bringing under irrigation a large de- 
sert area and producing additional crop of one million 
tons, other benefits will also accrue to the nation. 
Apart from employment facilities during construction, 
agricultural work will be available to over half million 
families on full development of the project. A large 
number of people will also find employment in other 
spheressuch as railways, roads, social serivces, business, 
industry etc. 


Direct revenue from this project after full develop- 
ment of the area in the pre-storage period will be tothe 
tune of about Rs. 1 ciore by way of water rates only. 
Betterment levy will bring to the exchequer Rs. 45 
crores and sale of Government waste land another 
Rs. 67 crores. Indirect revenue such as rise in earnings 
from income-tax, excise, post and telegraph and rail- 
way etc. will also be considerable 























Shri Pant inaugurates Rajasthan canal works. 


The area to be served has no roads worth the name 
at present and the provision of proper communications 
may take time. It is, therefore, proposed to make the 
canal navigable so that large quantities of timber 
required for the construction of colonies, townships, 
post and telegraph and railways etc. can be transport- 
ed from Harike. The canal would serve as a cheap mode 
of transportation for agricultural products also. 


Drinking Water Supply 

It would be possible to give water supply to Jaisal- 
mer and Bikaner towns. In addition, irrigation in this 
tract will stop the progress of the desert towards U. P., 
Punjab and Delhi and conditions on the Indo-Pakistan 
border will be stabilised. Cultivation of this area and 
its colonisation will mitigate the locust menace 
for which the desert provides an ideal breeding place 
thereby saving valuable crops. By opening up new 
peaceful modes of earning, the project will help in 


Continued from page 29 


The State of the Work at the Beginning of 1958 

Work on the project began in January 1954. The 
present state of progress is such that the finished 
portion of the storm-tide dam could already be of 
great use in the event of an emergency. At the end 
of 1957 many of the large steel structures had been 
completed and placed in position, namely one of the 
two great vertical-lift gates, part of the lock-gates and 
the two bridges. The economic situation in the Nether- 
lands in 1956 and 1957 necessitated a cut in govern- 
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curbing lawlessness in the countryside. Good 
harvests will be assured and the ever present danger 
of famine will be removed. The project will also open 
a new area for exploitation of its mineral wealth. 


Colonisation of the Area 

The canal will develop a waste desert tract about 400 
miles long and 40 miles wide and bring a civilisation to 
an area where life is at:present practically non-existent. 
All that one might find now in this region are a few 
huts 10 to 20 miles apart. There are no roads or rail- 
ways and the only means of communication are camel- 
paths which in the desert area get easily effaced by 
storms. Drinking water supply is non-existent and a 
serious problem. There are no schools or hospitals, 
post or telegraph offices or any other basic amenitites 
essential for life. The area will afford an opportunity 
for the rehabilitation of landless displaced persons from 
East and West Pakistan and for migration of population 
from overpopulated parts of the country. At present 
the density of the population here varies from 6 to 39 
persons per sq. mile. 


The Lohar tribe, which had taken a vow not to re- 
turn to Chitorgarh until it had been conquered, is com- 
ing back but as there is no gainful employment it is 
facing difficulties of resettlement. The Rajasthan 
Canal will solve their problem also. 


Unlike other projects the problem in this region is 
not only of constructing a canal system but of all- 
round development i.e. building of villages, towns 
roughly 3,000 in number, mandies, roads, electrical 
installations, post and telegraph offices, police stations, 
schools, colleges, hospitals etc. These require co-ordi- 
nated planning and co-operation of the Union and 
State Governments and the people. 


The Government of India and the Government of 
Rajasthan have agreed, in principle, to set upa “Com- 
mittee of Directors” and a “Rajasthan Canal Board” 
for the construction of this project. 


Further Scope 

The story of the Rajasthan Canal will not end with 
the construction of the channels and availability of 
irrigation water. After storages on Ravi and Beas have 
been built , the scope for irrigation will increase still 
further. Though the Rajasthan Canal may not provide 
the irrigation facilities for the entire area of Rajasthan 
it will relieve the hardships of poverty in a part of the 
region besides benefiting people of other areas It will 
make the country’s larder richer and save at least 
Rs. 30 crores of foreign exchange annually. 


ment expenditure ; as a result it was decided to post- 
pone the construction of the second vertical-lift gate, 
which is to be erected upstream of the first. The 
lift-towers for this gate will, however, be built. 


In the course of 1958 all the lock-gates and the 
necessary machinery will be installed. 1958 will also 
see the completion of the concrete viaduct, after 
which the new route across the Hollandse Yssel can 
be opened to traffic. 








Notes & News 
Kirloskar Oil Engines Ltd. 


1953 was a year of depression and slump for the 
Indian Industries. But the Kirloskar Oil Engines 
Ltd. put their faith in the proverb that “The darkest 
hour is nearest the dawn.’ Undaunted by the gather- 
ing shadows of the nation-wide slump, the Kirlos- 
kar Oil Engines Ltd. drew up an ambitious plan of 
development, and carried it out successfully by 
dint of labour, research and perseverance. In the 
short span of five years, they have gone a long way 
towards increased output and international reputa- 
tion. 


The Kirloskar Oil Engines Ltd., were the pioneers 
in the manufacture of High Speed Vertical Engines, 
and the Diesel Engines manufactured by them are 
today universally recognised as unequalled in 
strength, durability and the low cost of running. 
While their monthly output in 1953 was 200 to 300 
5 H.P. engines, it has today gone upto 800 to 850 
engines. The Kirloskar Oil Engines Limited have 
maintained their place of honour and supremacy as 
the ushers of a new era in Indian enterprise. 


The Kirloskar Oil Engines are today in increasing 
demand in Cyprus, Persian Gulf, Iran, Iraque and 
other countries in the middle East, and in the South 
East Asian countries like Burma, Malaya, Thailand 
and Indonesia. The latest conquest of Kirloskar 
High Speed Engines is Australia. 


The scouts and representatives of the Kirloskar 
Oil Engines Limited visit all these marketing centres, 
and report on the local conditions, and gather impor- 
tant data which may be useful in advancing the 
sales, popularity, and service of the Kirloskar Oil 
Engines. This helps the Kirloskar Oil Engines 
Limited to establish and promote relations of mutual 
co-operation and trust with consumers of diesel 
engines all over the world. 


Nearly 60 p.c. of Indian consumers’ demand is 
today met by the Kirloskars. They are aware that 
their output falls short of the total indigenous de- 
mand. But it would be wrong to suppose that this 
was due to our increasing exports, and that the 
remedy lies in stopping or cutting these exports so 
that we shall be in a better position to meet the 
demand for our engines in India. It has to be re- 
membered that export of Indian goods to foreign 
countries brings in return the much needed foreign 
exchange, and makes possible the purchase of heavy 
machinery, without which expansion of Indian 


manufacturing plants would not be possible. It is: 
the export of our engines that is laying the founda- 
tion of the expansion and development of our fac- 
tory, and it is this expansion which will in the near 
future, enable us to remove the dissatisfaction of 
the Indian customers. 


It cannot be overlooked that the accumulation 
of credit in sterling means indirectly the incréase of 
the national potentiality to make purchases in the 
sterling area of the world, on which the succéss of 
the Second Five Years Plan evidently depends in a 
large measure. We have, therefore, readily accepted 
a moral binding under the policy of the Engineer- 
ing Export Promotion Council to continue with 
our exports. We do believe that the integrity 
of our organisation and high quality of our engines, 
going abroad, will create an atmosphere of trust 
in all Indian goods in the minds of the foreign cus- 
tomers, and will thus open up a wider field for ex- 
ports from India. We, therefore, look upon our ex- 
ports as not only a valuable business proposition, 
but also a kind of national service. 


At the same time we cannot ignore our duty 
towards the Indian customers. It is a painful 
thought that our supply cannot cover the Indian 
demand to its fullest extent. But the day is not 
far away when there will be no room for any com- 
plaint in this connection. We have prepared an 
ambitious blue print of expansion and development. 
We are aiming at a target of 1000 High Speed En- 
gines per month. We are confident that we shall not 
only reach, but exceed this target, as our factory 
has already started running non-stop in three shifts. 


It will be thus seen that we are planning to in- 
crease our present exports, and at the same time to. 
expand and develop our manufacturing activities, 
so that we shall meet fully the demand of our valued 
Indian patrons. As pioneers in the field of Vertical 
High Speed Engines, we consider it as our humble 
duty to expand our foreign business, thus building 
up a reserve of foreign credit and exchange, and also 
to satisfy to the fullest extent our indigenous cus- 
tomers. We naturally look forward to the conti- 
nuation of the Government policy not to allow the 
import of diesel engines and thus to protect and 
speed up this national industry, which is so vital in 
+ a growth of an efficient and prosperous industrial 

ndia. 











Editorial 


Two Important Books 


Dr. E. Mosonyi’s book ‘‘‘Water Power Develop- 
ment” Volume 1, published by the Hungarian Acade- 
my of Sciences in ‘57, deserves to be noticed by all 
technical journals of the world. It is not merely a 
translation of the Hungarian and German editions. 
This English edition is based on a thorough revision of 
the German edition, and includes some of the most 
important results in the latest scientific and technical 
development in the field. This also covers the data 
collected by Dr. Mosonyi during his recent study tours, 
not only in many countries in Europe, but also Algeria, 
Tunisia, Brazil, Egypt, India and China. Some in- 
teresting features of the experience in this field in the 
Soviet Union has also been included. 


The two volumes, of which the second is stillin the 
press, do not deal with all possible hydraulic structures 
in power utilisation, but concentrate on the detailed 
discussion of the Power House itself. Volums I deals 
with Low Head Power Plants. But, before the subject 
proper is dealt with, two very interesting chapters 
namely ‘Sources of mechanical energy in water” and 
“History and types of water power development” 
has been included. This gives a very good historical 
setting to the discussions of the subject. 


Under ‘Low Head Power Plants” the following 
sections have been presented: 


Section A : Power Estimates 
Section B : General arrangement of power develop- 


ment 

Section C : Structures of diversion canal develop- 
ments 

Section D : Types and parts of run-of-river power 
plant 


Section E : The Power House. 


This last section has been dealt with very thorough- 
ly, and there are as many as 38 sub-sections. The 
treatment is exhaustive, and covers practically all the 
latest experiences in the field. 


In this context it is interesting to note the general 
attitude of Dr. Mosonyi regarding the future of Hydro 
Electric Development. 


He says : 

“A new age in energy economics is being intro- 
duced by the use of nuclear energy for electric power 
generation and radical changes may be expected in 
technical development. Yet at the threshold of the 
new age, experts seem to agree that water power and 
nuclear energy will not become rivals; in fact, hydro- 
electric stations will co-operate with atomic power 
plants. It is in all probability due to this opinion that, 
in spite of the prospect of high capacity atomic power 
plants impeding, the rate of water power development 
has shown no decline; moreover, an upward trend 
can be detected. In countries where the hydrological, 
topographical and geological features of water power 
resources are favourable, hydroelectric energy is likely 


to remain for a long time cheaper than that generated 
by steam or atomic power stations. In addition to 
this, by the time amortization expires, hydraulic 
energy freed from capital costs will become unques- 
tionably cheaper than energy generated by any other 
method known”’. 


This point of view closely resembles the prognosis of 
some of the British Engineers engaged in this field. 
Reference may be made here in this connection, to 
the recent publication of “Hydro Electric Engineering 
practice’’in three volumes, edited by J.G. Brown and 
J. W. Hunter. 


In this three-volume compendium, Mr. Brown says: 
“The ever increasing use of nuclear power in the future 
should not lead to a reduction or abandonment of 
hydro-electric projects, though it must inevitably 
modify their form of development. The future trend 
is likely to be towards using nuclear power stations to 
produce continuous base load power, while the 
hydro-electric stations, augmented as necessary by 
pumped storage schemes, will deal with the varying 
peak load demands, for which they are so admirably 
suited. For this reason alone, it seems certain that 
economic hydro-electric schemes will always have an 
assured place in a country’s power development”’. 


This book contributed by 25 specialists, gives a 
masterly survey of the British, and to a lesser extent 
the continental experience in the field of Civil Engineer- 
ing, Mechanical and Electrical Engineering, and in 
the Economics, Operation and Maintainence of Hydro- 
electric Power Stations. 


Volume 1, which is the biggest of the three, is 
devoted primarily to the civil engineering side. It 
covers: 


A : Preliminary Hydraulic Consideration. 

B : The Planning of the Scheme. 

C : Design and Construction of Civil Engineering 
Works. 


Volume 2 deals with : 
A : Water Turbines. 
B : Generating Plants. 
C : Control and Transmission Equipment. 
D : Power Station planning 


Volume 3 covers : 
A : Economic considerations. 
B : Operation and Management. 


There are three important appendices namely (1) 
The economic development of wind power, (2) Medical 
aspects of reservoir construction and management, 
(3) Nuclear Power. 


While the Hungarian book restricts itself to dealing 
exhaustively with only one aspect of the subject, this 
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book covers a much wider ground and is inspired with 
a breadth of vision that is rarely seen in such publica- 
tions. As a matter of fact, Volume 3 deals with the 
economic considerations, which is seldom taken serious 
note of by specialists. This makes the set of books 
more valuable. 


In view of the wide range of the subject matter and 
of its being contributed by several specialists, each 
item had to be dealt with in extreme brevity, 
and there is a variation of emphasis noticeable 
due to the fact of different chapters having been 
written by different authors. Essentially however, 
this book represents the most authoritative exposition 
of the work of British engineers both at home and 
abroad. This implies of course, that it does not 





completely cover all the significant experiences 
on the Continent, or in America and Asia. But if this 
were done, many more volumes would have been 
necessary. 


The printing and illustrations of this book as well 
as those of the Hungarian book are of a very 
high quality. 


Water Power Development, Vol. I. 
Low-Head Power Plants, by Dr. Emil Mosonyi. Published 
by Hungarian Academy of Sciences, Budapest 1957, pp. 908, 
with 631 illustrations and 6 supplements. 


Hydro-Eletric Engineering Pratice, Vols. I, II, III. 
Editor J. Guthrie Brown, Coordinating Editor J. K. Hunter. 
Published by M/s Blackie and Son Ltd., Glasgow, 1958. 


Our Contributors 





Mr. Manubhai Shah is 
Minister of Industry, Govern- 
ment of India. 


Dr. N. K. Bose was the 
founder-Director of West Ben- 
gal River Research Institute 
and has been one of the out- 
standing Indians in the field of 
hydraulic research, having 
made fundamental contribu- 
tions in this science. His im- 
press on the major river valley 
projects in India is significant. 
He has recently retired. His 
present article is thought- 
provoking and deserves close attention from our 
leaders. 





Mr. T. N. Idnani is at present General Manager 
of the Delhi Electric Supply Undertaking of the 
Delhi Municipal Corporation. Previously he was 
Chairmar. and Commercial, Administrative and 
Engineer Member of the Delhi State Electricity 
Board. 


Born in 1903, Mr. Idnani received his academic 
education in Electrical Engineering in Manchester 
and practical experience in Lancashire. From 1927 
to 1937 he was with the Punjab PWD Electricity 








Branch. From 1937 to 1938 he was Electrical Ad- 
visor to the Government of Sind in which capacity 
he undertook many important tasks, both in 
planning, execution and management. Till 1956, 


he was member of the Central Electricity Board and 
Director, CW & PC. He was responsible for the 
amendment of the Electricity (Supply ) Act, 1948 ; 
the Indian Electricity Act, 1910, and revision of the 
Indian Electricity Rules. He was also Advisor to 
the Government of India in respect of the centrally 
administered areas. 


Mr. H. D. Sharma is Exe- 
~ | cutive Engineer, Yamuna 

| Design Division, Yamuna 
» Hydel Project, Uttar Pra- 
} desh. 


Mr. 8. N. Sarkar is Assis- 
|) tant Research Officer in the 
i River Research Institute, West 
» Bengal, which he joined in 
1944 after passing M. Sc. in 
| physics. He is engaged in the 
study and analysis of fluvial 
sediments carried by different 
rivers of West Bengal, and 
other sedimentation problems. 
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For the transportation of large quantities of 
bulk materials more engineers the world over, 
are specifying Goodyear Conveyor Belts. 
These belt conveyor systems have proved 
speedier than intermittent haulage, more 
versatile and economical. 


ON TOUGH CONSTRUCTION 
JOBS. Use Goodyear Pneumatic 
Tool Hose specification No. 372 
currently being specified by Dam 
projects in India. 
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Or we go to Hirakud...to give ourselves 

a local habitation and a name! The name part we 
already have, but the local habitation part 

of it, we are working out now. And probably in less 
time than you and we had bargained for (we 


Oh yes, we'd give Hirakud the works all right! The usual 
gadgets and gimmicks for making aluminium rod, 

wire and cable. For one thing, over there a new 10,000-ton 
aluminium smelter is rearing its lovely head. And it’s beckoning 
to us like nobody’s business, and our own special business ! 


But the real reason is you, dear customer. It breaks 
our young heart to see you pay all the 

frightful freight you are now paying on 
lugging our thing all the way up from 
Kundara, Kerala, to wherever you are 

in Andhra or Assam, Bengal or Bihar, 

Madhya Pradesh or Uttar Pradesh. 


— Tut, tut, we said to ourselves, we 
must meet our dear customer at 
least half way, and there you are— 

- rather, there we are—at Hirakud! 


THE ALUMINIUM INDUSTRIES LTD. 


India's largest manufacturers of aluminium cables and accessories 


KUNDARA GB KERALA STATE 


Manoging Agents: Seshasayee Bros. (Trav.) Private Ltd. 
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